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This version of NASA's Energy-Cost Analysis Program 
(NECAP) is for internal NASA use. 

The National Aeronautics and Space Administration (NASA) 
can not assume any responsibility for the application of 
the manual or the program beyond the control of its 
engineers. Users that apply the program do so without 
recourse to the Government. 



This program has been run on NASA Langley's CDC 6600 
computers. Field length of 230K and CPU time of 1300 
seconds are typical with the load program - other 
parts of the program are substantially smaller. The 
program is punched in 026 format. Engineers using 
NECAP could find that specific needs for a project may 
not match program capabilities, dimensions, computer 
size, or computer procedures. Judgment should be 
exercised before investing time to implement and to 
assure that needs are compatible with the detailed 
results. Judgment is also necessary when interpreting 
output data. For example: doors don't stay open, filters 

don't get dirty, and ducts don't leak in a computer 
program. 

Since the NECAP program is so large and detailed, we expect 
to find additions and/or modifications that will improve 
its use. NASA is continuing to work to upgrade certain areas 
of the program, plus conducting some verification 
studies. Beyond the funded scope of the present project, 
we have listed 40 to 60 ideas that could be incorporated 
into the program. We are sure others who work with the 
program could suggest many other ideas, modifications, 
suggestions, or might find errors. 

There is presently no established procedure to handle and 
evaluate these comments or to disseminate updated procedures. 
For the interim, I will accept readers' comments if sent to 
my office. No obligation, of course, will be accepted by the 
Government, even if ideas are used. If funds and time permit, 
a committee review will be conducted and updating of the 
manuals and program will be made. 

Operational guidance or assistance to non-goyernment^genicies 
in running the program can not be provided. I would speculate 
that within a short period of time enough commercial firms 
will be running NECAP or a modified version, to handle the 
problem. 


R. N. Jensen 

Techni cal Assi stant .Construct!' on 
Engineering Branch 
Mail Stop 227 
Langley Research Center 
Hampton, VA 23665 
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WEATHER DATA NOTE 


The weather data now used is derived from a standard 
weather tape produced by the National Climatic Center, 
Asheville, North Carolina. 

Due to reading problems-, our computers need modifications 
to the sub-program (WEATH). We have, however, detailed 
these changes in the program tape and have also included 
a subroutine I VAR. 

A second load program has been included which reads data 
cell weather. The data cell has been produced from 
standard weather tapes, but this still requires! special 
routines in its production. The use of this simplified 
weather data will cut, by up to one-third, the CPU time 
required to run a typical load program. 

It is our understanding that the National Climatic Center 
will produce a multi -station, typical year, weather tape 
in a simplified format, in the near future. At that time 
we expect to modify the program so that a weather data 
cell can be produced which will have only computed 
radiation, type of day (i.e. Sunday, Saturday, Holiday, 
etc., using new logic), sun location, etc.; much of the 
load program subroutine would then be eliminated. 
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FOREWORD 


Several years ago, the Energy Utilization Program developed 
by the U. S. Postal Service was presented to the public. The 
program was enthusiastically received as a tool to investigate 
building energy consumption. Shortly thereafter, the USPS 
construction program was reorganized and the computerized 
energy program was shelved. 

NASA representatives had attended some of the USPS 
conferences in 1970-71, and were impressed with the program 
as a policy-generating tool - impressed enough to implement 
the program to determine energy requirements for a proposed 
NASA office building. This output data became more important 
when it was decided to use a solar heated and cooled environ- 
mental system. The usefulness of the program for evaluating 
the design and operation of facilities was obvious, but it 
was equally obvious that program complexities and limited 
flexibility were major road blocks to its use. LaRC, there- 
fore, initiated a program to upgrade and improve the program. 

It would be fair to say that this new energy analysis 
program (NECAP) is the concept of many people. We therefore 
wish to acknowledge the contributions made by personnel from 
General American Transportation Company, U. S. Postal Service, 
ASHRAE Task Group on Energy Requirements, National Bureau of 
Standards, the Canadian Research Council, and others who have 
documented data used In the modified program. The program 
was renamed, not to indicate a completely new program, but 
rather to eliminate confusion and history of program problems. 

Program modifications were directed specifically at program 
deficiencies and not at a complete rework of the program 
structure. This goal has been met and will be met in the 
future with more planned modifications. It will be obvious 
to the users that other concepts could be added to the 
program. We hope that those who find an opportunity to make 
these program improvements can share their accomplishments 
with the public. 
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Specific modifications and additions made to NECAP to date 
Included the following: 


, 1. DESIGN LOAD ANALYSIS : abi 1 ity to perform design heating 
and cooling load calculations via user inputted design 
weather data. 

2. VARIABLE TEMPERATURE ANALYSIS: accounts for temperature 
swing due to thermostat action, equipment capacity, and 
equipment scheduling. Unconditioned space temperatures 
are computed. 

3. DATA SIMPLIFICATION: input data methods to simplify the 
handling of repetitive surfaces, spaces and floors, 

4. DATA VERIFICATION: method to check the input data for 
correctness of order, range, and format, 

5. TYPICAL SCHEDULES AND SURFACES: coding of typical 
hourly schedules to be used for scheduling people, 
lights, and equipment; also typical wall and roof 
constructions. 

6. MODIFICATION OF WEIGHTING FACTORS: new load weighting 
factors relating room heat gain to solar load, wall and 
roof load, and lighting load, to account for the effect 
of type of construction and types of lighting fixtures, 
Zone infiltration rate is a function of wind velocity. 

7. EXPANDED SYSTEM SIMULATION: additions to allow 
simulation of the following types of distributions: 

a) Single zone 

b) Multi -zone 

c) Dual duct 

d) Single zone with sub-zone reheat 

e) Unit ventilator 

f) Unit heater 

g) Floor panel heat 

h) 2-pipe and 4-pipe fan coil systems 

i) 2-pipe and 4-pipe induction systems 

j) Variable air volume system 

k) Fixed volume reheat system 

l) Finned tube radiation system 


vi 


Also the incorporation of the ability to handle; 

a) Three (3) types of outside air control systems 

b) Three (3) types of air temperature control systems 

c) Humidification system. 

8. ECONOMICS: new format for economics analysis is provided, 

9. REVISE DOCUMENTATION 

Complete documentation to reflect status of the 
revised program. 

This User's Manual outlines the intended use of each segment 
of NECAP, presents instructions for input data preparation, 
and gives examples of all reports generated by each segment 
of the program. 

Two major manuals accompany this program. Part I, entitled 
USER'S MANUAL, explains the intended use of each segment of 
NECAP and presents the instructions for preparing the input 
data and interpreting the resulting reports. Part 11, 
entitled ENGINEERING MANUAL, presents the algorithms that were 
programmed and provides the means by which a user can 
familiarize himself with the internal workings of the program 
and make any modifications that further needs will dictate. 

Further validation of computerized procedures and specifically 
NECAP are being planned. Of general interest are the validation 
tests that have been done on ASHRAE algorithms conducted by 
Ohio State. To date, data indicates satisfactory correlation 
and program flexibility to absorb most conditions encountered. 
However, pecularities were encountered; eg. the discrepancy 
between measured solar data and that calculated from cloud 
cover readings. 
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SECTION 1 
INTRODUCTION 


NECAP is a sophisticated building design and energy analysis tool 
which has embodied within it all of the latest ASHRAE state-of-the-art 
techniques for performing thermal load calculation and energy useage 
predictions. NECAP is actually a set of six (6) individual computer 
programs whose descriptions are given briefly below: 

1. RESPONSE FACTOR PROGRAM 

For wall or roof structures different from the typical ones 
built into NECAP, the Response Factor Program, using a layer- 
by-layer description of the surface, will calculate and output 
the set of response factors required to perform transient heat 
transfer analysis. 

2. DATA VERIFICATION PROGRAM 

The Data Verification Program interrogates the building descrip- 
tion input data to check for proper order, range and format of 
the card input data. 

3. THERMAL LOAD ANALYSIS PROGRAM 

Performs hourly transient heat transfer calculations for each 
building space utilizing actual hourly recorded weather, geometry 
and construction of the building, scheduled internal loads and 
astronomy of the sun. 

4. VARIABLE TEMPERATURE PROGRAM 

Corrects the thermal loads calculated above to account for tem- 
perature swings occurring within each space due to thermostat 
action, equipment capacity and equipment scheduling. 

5. SYSTEM AND EQUIPMENT SIMULATION PROGRAM 

For a specified type of distribution system allocation and type 
of energy conversion equipment, the Simulation Program determines 
the total load on each distribution system, transfers it to the 
energy conversion equipment, and based upon part load efficiencies 
determines the building's monthly demand and consumption of all 
forms of fuels and energy. 

6. OWNING AND OPERATING COST PROGRAM 

For the expected life of the building, the Owning and Operating 
Cost Program calculates the expected annual expenditure to own 
and operate the building utility systems. 
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Each building design and analysis problem might not require use of' 
all of the 6 programs enumerated above. To illustrate the suggested 
.sequential use, refer to Figure 1.1. 

The remaining sections of this manual deal with each segment of 
NECAP and sets forth the instructions for preparing the required Input 
data and for interpreting the resulting reports. 
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SECTION 2 

RESPONSE FACTOR PROGRAM 


2.1 OBJECTIVE AND DESCRIPTION 


The Response Factor Progam generates the set of heat transfer 
factors called response factors required to accurately determine 
the transient flow of heat into, through and out of building 
exterior walls and roofs as they react to temperatures differences 
across them. These response factors are a function of the type of 
materials used and their order of placement and therefore require 
that the following be known for each layer: 

1. XL, thickness, ft. 

2. XK, thermal conductivity, BTU per (hr. ) (ft. ) (°F) 

3. D, density, lb. per cu. ft. 

4. SH, specific heat, BTU per (lb.)f°F) 

5. RES, Resistivity, (hr. ) (sq.ft. )(°F) per BTU. 

Using this data, the Response Factor Program calculates the set 
of response factors peculiar to the wall or roof construction in 
question and then outputs, this data onto punched computer cards 
for direct insertion into the Thermal Load Analysis Program input 
data deck. The Response Factor Program need not be used if all 
wall and roof types desired are among the standard walls and roofs 
built into the Thermal Load Analysis Program and available for use 
simply by the calling out of an input code (see Table 4.6 for a list 
of these standard walls and roofs). 

2.2 INPUT DATA 


Before the actual input data preparation task is undertaken, the 
properties (XL, XK, D, SH, RES) of each type wall or roof used in the 
building being studied should be assembled and a sketch similar to 
that shown below prepared. 

Exampl e 

Layer Description 

1. Face Brick (4 in.) 

2. Air Space (2 in.) 

3. Concrete Block (6 in.) 

4. Fiberglas Insulation (2 in.) 

5. Gypsum Board (h in.) 

6. Inside Air 


1 2 3 4 5 6 
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Figure 2.1 RESPONSE FACTOR PROGRAM FLOWCHART 
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Note: 


Order of layers should always be from outside to inside. 

Do not include outside air film as a layer, since the Thermal 
Load Analysis Program will adjust for this effect each hour 
as a function of wind speed. 


With this task complete, now proceed to prepare the input data for 
keypunching in accordance with instructions outlined in Table 2.1. 
Figure 2.1 visually summarizes all of the steps required to use the 
Response Factor Program. 


2.3 OUTPUT REPORTS 


An output report similar to that shown in Figure 2.2 is printed 
by the Response Factor Program for each type of surface analyzed. 
The first part of the report echoes the input data. The next 
line then indicates the thermal conductance for the surface - i.e., 
the summation of theX, Y or Z response factor terms. The last 
part of the report displays the sets of response factors calculated 
by the program as well as the common ratio and number of hours re- 
quired to reach the common ratio. The three columns of response 
factors, X,Y , and Z are used respectively to determine 

1. the heat flux at the outside layer due to a change in tem- 
perature at outside layer. 

2. the heat flux at the outside layer due to a change in 
temperature at the inside layer or the heat flux at the 
inside layer due to a change in temperature at the out- 
side layer 

3. the heat flux at the inside layer due to a change in tem- 
perature at the inside layer. 

The number of terms in each set of response factors indicates the 
number of time increments it takes the wall or roof to respond 
to a temperature impulse of one time increment duration and reach 
the point of common ratio where the ratio of successive terms is 
a constant. 

2.4 EXAMPLE 

To illustrate the use of the Response Factor Program, the wall 
described earlier will be used. The s.ix layers making up the 
wall have the following properties: 
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LAYER NO 


LAYER NO. 

XL 

XK 

D 

SH 

RES 

1 

0.333 

0.770 

125*0 

0.22 

- 

2 

- 

- 

! 

- 

0.090 

3 

0.500 

0.320 

37.4 

0.16 

- 

4 

0.167 

0.025 

0.5 

0.16 

- 

5 

0.042 

0.093 

50.0 

0.20 

- 

6 

- 

- 

- 

- 

0.68 


The data entered onto the cards would then appear as shown in 
Figure 2.3 . The output from such an analysis would be identical 
to that shown in Figure 2.2 . 
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Table 2.1 


RESPONSE FACTOR PROGRAM CARD INPUT INFORMATION 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAN 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 

RF-! 

1 to 10 

Nuaber of delayed surfaces to be 
analyzed 

FNOC 

- 

1.0 to .... 

- 

2.0 

- 

READING ORDERS RF-2 A RF-3 INCLUSIVE SHOULD BE REPEATED "FNOC" TINES. 

RF-2 

1 to 10 

Nuaber of leyers 

FNOL 

- 

1.0 to 10.0 

- 

3.0 

Exclude outside 
air fila 

READING ORDER RF-3 SHOULD BE REPEATED “FNOL“ TINES 

e 






RF-3 

1 to 10 

Thickness of the layer 

XL 

Ft 

- 

- 

0.333 

If layer hat no 
theraal mass, set 
equal to 0.0. 


11 to 20 

Theraal conductivity of the 
layer 

XK 

Btu/hr, 
ftf, «>F 

- 

- 

0.770 

« 


21 to 30 

Density of the layer 

0 

lb/ft 3 

- 

- 

125.0 

M 


31 to 40 

Specific heat capacity of the 
layer 

SH 

Btu/lb. 

OF 


- 

0.22 

■ 


41 to SO 

Theraal resistivity of the 
layer 

RES 

Hr.ft 2 , 

OF/Btu 

- 

- 

0.00 

If layer {&£ theraal 
aass, set equal to 
0 . 0 . 


51 to 80 

Alphanumeric description of 
layer 

DESC 

- 

• 

m 

2 inch 
brick 

• 


NOTES: 1) Card Format for RF-1 and RF-2 is (FIO.O). 

2} Card Fonwt for RF-3 is (5010.S, 30A1). 

3} Refer to Table2.2for examples of theraal pro parties of building aatarials. 




Table 2.2 

THERMAL PROPERTIES OF TYPICAL BUILDING MATERIALS 


Description 

Th 

ickness 

and Thermal Properties 

XL 

XK 


SH 

RES 

1“ stucco (asbestos cement or 


Ml 




wood siding plaster, etc.) 

0.0833 


116 

0.20 


4" face brick (dense concrete) 

0.333 

0.77 

125 

0.22 


Steel siding (aluminum or 






other It-wt cladding) 

0.005 

26.0 

480 

0.10 


Air space resistance 
1" insulation light weight 

0.083 

0.025 

2.0 

0.2 

0.91 

2 " insulation light weight 

0.167 

0.025 




3" insulation liqht weight 

0.25 

0.025 

MM 

0.2 


1" insulation 

0.0833 

0.025 

5.7 

0.2 


2" insulation 

0.167 

0.025 

5.7 



1“ wood 

0.0833 

0.07 

37.0 

0.6 


2.5" wood 

0.2083 

0.07 

37.0 

0.6 


4" wood 

0.333 

0.07 

37.0 

0.6 


2" wood 

0.167 

0.07 

37.0 

0.6 


3" wood 

0.25 

0.07 

37.0 

0.6 


3" insulation 

0.25 

0.025 

5.7 



4" clay tile 

0.333 

0.33 

70.0 

0.2 


4" l.w. concrete block 

0.333 

0.22 

38.0 

0.2 


4" h.w. concrete block 

0.333 

0.47 

61.0 

0.2 


4" common brick 

0.333 

0.42 

120.0 

0.2 


4" h.w. concrete 

0.333 

1.0 

140.0 

0.2 


8" clay tile 

0.667 

0.33 

70.0 

0.2 


8" l.w. concrete block 

0.667 

0.33 

38.0 



8" h.w. concrete block 

0.667 

0.6 

61.0 

H9 


8" common brick 

0.667 

0.42 

120.0 



8" h.w. concrete 

0.667 

1.0 

140.0 

0.2 


12" h.w. concrete 

1.0 

1.0 

140.0 

0.2 


2" h.w. concrete 

0.167 

1.0 

140.0 



6" h.w. concrete 

0.5 

1.0 

140.0 

0.2 


4" 1 .w. concrete 

0.333 

0.1 

40.0 



6" l.w, concrete 

0.5 

0.1 

40.0 

wSm 


8" l.w. concrete 

0.667 

0.1 

40.0 

mm m 


Inside surface resistance 
3/4" plaster; 3/4" gypsum or 
similar finishing layer 

0.0625 

0.42 

100.0 

0.2 

0.685 

1/2" slag or stone 

0.0417 

0.83 

55.0 

0.40 


3/8" felt & membrane 

0.0313 

0.11 

70.0 

0.40 


Ceiling air space 
Acoustic tile 

0.0625 

0.035 

,30.0 

0.20 

1.0 


UNITS: XL=f eet , XK=Btu per (hr)(ft)(°F), D=lbs per cu ft, 

SH=Btu per {1b)(OF), RES=(hr)(sq ft)(0F) per Btu. 
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DESCRIPTION OF CONSTRUCTION 


LAYER 

THICKNESS 

CONDUCTIVITY 

DENSITY 

SPECIFIC HEAT 

RESISTANCE 


NUMBER 

FT 

BTU PER CHRMFTMFI 

LB PER CU FT 

BTU PER »L9)«F» 

(HR) ISO FT) IF) PER 

BTU 

1 

0.3330 

0.770 

125.0 

0.22 

0.0 

9 IN. FACE BRICK 

2 

0.0 

0.0 

0.0 

0.0 

0.90 

2 IN. AIR SPACE 

3 

0.5000 

0.320 

37.9 

0.16 

0.0 

6 IN. CONCRETE BLOCK 

9 

0.1670 

0.025 

0.5 

0.16 

0.0 

2 IN. FIBER6LAS 

S 

0.0920 

0.093 

50.0 

0.20 

0.0 

6YPSUM BOARD 11/2 IN 

6 

0.0 

0.0 

0.0 

0.0 

0.66 

INSIDE AIR 


THERMAL CONDUCTANCE = 0.093 9TU PER I HR) (SO FTHF» 


RESPONSE FACTORS 


ro 

I 


HOUR 

X 

Y 

Z 

0 

5.1760690615 

0.0000115677 

0.9939902919 

1 

•3.2670838586 

0.0013777980 

•0.313891BB62 

2 

-0.7557969855 

0.0068939019 

-0.0176965966 

3 

-0.3893689968 

0.0111991629 

-0.0093907592 

9 

-0.2111339792 

0.0119522028 

•0.0029676851 

5 

-0.1260887556 

0.0109992980 

-0.002329058* 

6 

-0.0618863673 

0.0099699507 

-0.0016999570 

7 

-0.0571935615 

0.0078925361 

-0,0019793520 

6 

-0.0920716919 

0.0069793219 

•0.0011869391 

9 

-0.0321059989 

0.0052697825 

-0.0009529191 

lu 

-0.0250532825 

0.0092609730 

-0.00076597b3 

11 

-0.0198101191 

0.0039396053 

-0.0006159898 

12 

-0.0157891950 

0.0027725923 

-0.0009959969 

13 

-0.0126309912 

0.0022331561 

-0.0003986293 

19 

-0.0101323213 

0.0017976829 

-0.0003207239 

15 

-0.0081390029 

0.0019970969 

-0.0002580599 

16 

-0.0065927869 

0.0011695958 

-0.0002076363 

17 

-0.0052618399 

0.0009371736 

-0,0001670707 

16 

-0.0092326699 

0.0007591313 

•0.0001399319 

19 

-0.0039052907 

0.0006066259 

•0,0001061689 

20 

-0.0027397611 

0.0009882866 

-0.0000870373 

21 

-0.0022099236 

0.0003929009 

•0,0000700390 

22 

-0.0017737289 

0.0003161972 

-0.0000563529 

23 

-0.0019271992 

0.0002593869 

-0.0000953937 


NUMBER OF HOURS REOUIREU TO REACH COMMON RATIO s 23 
NUMBER OF RESPONSE FACTORS PCR SET s 29 
COMMON RATIO = 0.6096997957 


Figure 2.2 TYPICAL OUTPUT FROM RESPONSE FACTOR PROGRAM 
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1.0 

6.000 


0.333 

0.7700 

125. 

0.220 

0.00 

4 IN. FACE BRICK 

0.000 

0.0000 

0.00 

0.000 

0.90 

2 IN. AIR SPACE 

0.500 

0 .3200 

37.4 

0.156 

0.00 

6 IN. CONCRETE BLOCK 

0.167 

0.0250 

0.50 

0.157 

0.00 

2 IN FIBERGLAS 

0 • 042 

0.0926 

50.0 

0.200 

0.00 

GYPSUMBOARD (1/2" DRYWALL) 

0.000 

0.0000 

0.00 

0.000 

0.66 

INSIDE AIR 


Figure 2.3 RESPONSE FACTOR PROGRAM CARD INPUT DATA FOR EXAMPLE PROGRAM 


SECTION 3 

DATA VERIFICATION PROGRAM 


3.1 OBJECTIVE AND DESCRIPTION 


The Data Verification Program checks the complete input data 
deck required for the Thermal Load Analysis Program. As each card 
is read, each data field is interrogated for: 

1 . correct sequence 

2. proper range 

3. insufficient or extraneous data 

4. misplaced data 

5. proper format. 

As errors are discovered they are indicated on the output report 
immediately following thecard image listing of the data card. 

3.2 INPUT DATA 


The input data required for the Data Verification Program is 
the data deck that the user must prepare for the Thermal Load Analysis 
Program described in Section 4. The instructions explaining how this 
data should be prepared is enumerated in Table 4.3 of that section. 

No additional input data of any kind is required by the Data Veri- 
fication Program. NECAP will punch new dimensions statements to be 
used in the load Program if a master deck is placed behind the data input. 

3.3 OUTPUT REPORTS 


Three types of errors are signaled by the Data Verification 
Program. They are: WARNINGS, SEVERE ERRORS, and TERMINAL ERRORS. 

WARNINGS are errors which are not likely to cause an unsuccessful 
run, but which may cause incorrect results. WARNINGS arise for the 
following conditions: 

1. Data in columns of the card where no data is supposed to be. 

2. Number of surface indices stipulated differs from the 
actual number given. 

SEVERE ERRORS result from only one kind of error: when the data is 
out of bounds. Every data item that has an upper and/or lower limit 
is checked to ensure that it obeys the limit. SEVERE ERRORS will 
definitely cause incorrect results, yet they may or may not cause the 
Thermal Load Analysis Program to terminate. These errors tend to 
propagate through the program and may cause quite unrealistic results. 
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TERMINAL ERRORS will stop the Thermal Load Analysis Program instantly. 
These may be caused by: 

1. An alpha character in a number field. 

2. A special character in a number field. 

3. More than one decimal point in a number field. 

4. Trailing or embedded blanks in a number field. 

5. Unknown punches. 

The Data Verification Program will terminate itself prematurely 
if it encounters a data item which, because it is out of bounds or 
is an error of the terminal type, affects analysis of subsequent data. 
Any data item which is used as a looping factor is subject to this kind 
of constraint. 

Error messages, if any, are listed after each card image on the 
output page. Each message is identified by type, reason for error, 
and where on the card the error occurs. At the end of the run, whether 
or not the Data Verification Program was able to fully scan the entire 
input deck, there is provided a summary listing of the three types of 
errors that may occur. If the entire deck is scanned and there are no 
errors detected, the program omits the summary and prints a message that 
the data is error-free. Examples of the type of output reports recieved 
from the Data Verification Program are illustrated in Figures 3.1 to 3.5. 

3.4 EXAMPLE 


To illustrate the makeup of a complete report as received from 
the Data Verification Program, the user is referred to the program 
listing where such a report is shown in its entirety for the 
example building described in Section 4.4 
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*************************************************** 
******** ******** *************** ********** ********** 
****** ****** 

****** INPUT DAT* VERIFICATION RESULTS ****** 
****** FOR LOAD CALCULATION PROGRAM. ****** 
****** ****** 

*************************************************** 
******* ******************************************** 


THE FOLLOWING FIVE LINES ARE THE PROGRAM'S DESCRIPTOR INFORMATION. 

LRC SYSTEMS ENGINEERING 
HAMPTON. VIRGINIA 
R. JENSEN 
SZ. 4W< 3 IN 
NOV -26. 1973 


THE FOLLOWING LINES ARE SITE CHARACTERISTIC AND STUDY PARAMETER DATA. 


LATITUDE 

LONGITUOE 


CLEARNESS 

CLEARNESS 

BUILDING 


DEGREE 

OEGREE 

TIME ZONE 

NO. - SUM 

NO. - WIN 

AZIMUTH 


37.0 

76.0 

5. 

0.96 

0.96 

299. 


OPTION 

VENT. 

fan 

COLD AIR 

COLO AIR 

HOT AIR 

HOT AIR 

COOE 

-AIR 

PRESS. 

TEMP. 1 

TEMP. 2 

TEMP. 3 . 

TEMP. 4 

2.0 

.12 

4. 

50. 

55. 

120. 

140. 

BUILOING 

25. 

ALTITUOE 






SUMMER DESIGN OAY DATA 





MAX. 

DBT 

AVG. DEW 

WIND 




OBT 

RANGE 

PT-. TEMP. 

SPEED 




94. 

IB. 

72. 

5. 




WINTER DESIGN DAY DATA 





MIN. 

DBT 

AVG. DEW 

WIND 




DBT 

range 

PT. TEMP. 

SPEED 




20. 

3. 

5. 

7. 




WEATHER 

STARTING 

study 

CHRISTMAS 

INITIAL TEMP 


YEAR 

MONTH 

LENGTH 

length 

WALL + ROOF 


1963. 

1.0 

365. 

0. 

20. 




THE FOLLOWING LINE CONTAINS PRINT OPTION CODE. 

0.0 

THE FOLLOWING LINE CONTAINS NO. OF TYPES OF SPACES 

1 . 


Figure 3.1 DATA VERIFICATION PROGRAM EXAMPLE OUTPUT 



the FOLLOWING -LINE CONTAINS THE NUMBER OF COMMON SHADING SURFACES 


5 . 


TABLE OF COMMON SHADING SURFACE ATTRIBUTES 


SHADING 

SURFACE 

NO. OF 
VERTICES 

TRANSMIT 

COEF 

X 

-VERTEX COOR 
Y 

DINATES 

2 

HEIGHT 

width 

AZIMUTH 

ANGLE 

TILT 

ANGLE 

*** DERIVED 
ORIENTATION 

DATA *** 
AREA 

1 

1. 

0. 

1 3 U . 

70. 

18. 

7. 

40. 

180. 

90. 

ESE 

280.0 

2 

1. 

0. 

170. 

70. 

18. 

7. 

70. 

90. 

90. 

NNE 

490.0 

3 

1. 

0. 

170. 

mo. 

18. 

7. 

40, 

0. 

90. 

UNW 

280.0 

4 

1. 

0. 

130. 

140. 

18. 

7. 

70. 

270. 

90. 

SSW 

490.0 

5 

1. 

0. 

130. 

70. 

25. 

70. 

40. 

180. 

0 . 

ESE 

2800.0 


Figure 3.2 DATA VERIFICATION PROGRAM EXAMPLE OUTPUT 
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THE FOLLOWING TWO LINES CONTAIN DATA ON DELAYED HEAT TRANSFER SURFACE 1 

SURFACE GROUND 
ABSORBT'N REFLECTIVITY 
.7 .2 

NO. OF NO, OF X NO. OF Y COM'N SUR SHADE SUR SURFACE SURFACE 

VERTICES DIVISIONS DIVISIONS DELETED * ADDED ROUGHNESS INDEX 

1. 1. 1. 5. 0. 0. 1. 

***** SEVERE ERRORS ***** 

FIELD o DATA OUT OF BOUNDS. 


THE FOLLOWING OATA DESCRIBES DELAYED HEAT TRANSFER SURFACE 1 


VERTEX 

Y 

COORDINATES— 

Z 

HEIGHT 

WIDTH 

AZIMUTH 

angle 

TILT 

ANGLE 

0. 

11. 

7. 

290. 

180. 

90. 


*** DERIVED DATA *** 
ORIENTATION AREA 
ESE 1680.0 


all common shading surfaces are deleted. 


Figure 3.3 


DATA VERIFICATION PROGRAM EXAMPLE OUTPUT 


THE FOLLOWING TWO LINES CONTAIN DATA ON WINDOW 


2 


ASHRAE 

SKY FORM 

GROUNO 

GROUNO 




SHAD COEF 

FACTOR 

FACTOR 

REFLECTIVITY 



.35 

.5 

.5 

.2 




NO. OF 

NO. OF X 

NO. OF r 

COM • N SUR 

SHADE 

SUR NO. OF 

GLASS 

VERTICES 

DIVISIONS 

DIVISIONS 

deleted 

ADOED 

PANES 

INDEX 

1. 

26. 

11. 

5. 

3. 

1. 

5. 


THE FOLLOWING 

DATA DESCRIBES 
COORDINATES 

WINDOW 

2 

AZIMUTH 

TILT 

derived 

DATA *** 

X 

Y 

Z 

HEIGHT 

WIDTH 

ANGLF 

ANGLE 

ORIENTATION 

AREA 

137. 

8. 

0. 

11. 

26. 

180. 

90. 

ESE 

286.0 


ALL COMMON SHADING SURFACES ARE OELETED. 


TABLE OF ATTRIBUTES OF SHADING SURFACES ADDED TO WINDOW 2 


SHADING 

SURFACE 

NO. OF 
VERTICES 

transmit 

COEF 

X 

-VERTEX 

Y 

COORDINATES— 

Z 

HEIGHT 

WIDTH 

AZIMUTH 

angle 

TILT 

ANGLE 

*** DERIVED 
ORIENTATION 

data **• 

AREA 

1 

1. 

0 . 

137. 

0 . 

0 , 

11. 

8 . 

90. 

90. 

NNE 

88.0 

2 

1. 

0 . 

137. 

o. 

11. 

8 . 

26. 

180. 

0 . 

ESC 

208.0 

3 

1. 

0 . 

163. 

8. 

0 . 

11. 

8. 

270. 

90. 

ssw 

88.0 


Figure 3.4 DATA VERIFICATION PROGRAM EXAMPLE OUTPUT 
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the following lines CONTAIN data ON SPACE 2 


NO. OF 

NO. OF 

NO. OF 

NO. OF 

NO. OF 

UNDERGROUND 

NO. OF ADDITIONAL 

OELAYEOS 

QUICKS 

WINDOWS 

INTERNALS 

WALLS 

FLOORS 

IDENTICAL SPACES 

25. 

0. 

22. 

0. 

0. 

1. 

0. 

FLOOR 


FLOOR 

temper- 

NO. OF 

activity 


AREA 

VOLUME 

WEIGHT 

ature 

PEOPLE 

LEVEL 


500. 

4700. 

60. 

75. 

1. 

500. 



INFILTRATION 

code The 0. IS an error . 

l * °* NOTE: Since this output was obtained 

a new format has been used. 

***** SEVERE ERRORS ***** 

FIELD 2 data out o F bounds. only U se jndgx of 1 . , 2 . , or 3 can be used - see LC#11 

LIGHTING LOAD 
WATTS/ KILO- 

SO.FT, WATTS 

4.0 0.0 


EQUIPMENT 

LOAD 



WATTS/ 

KILO- 

SENSIBLE 

LATENT 

SQ.FT. 

WATTS 

BTU/HR 

BTU/HR 

0.25 

0.0 

0.0 

0.0 


THE FOLLOWING 

LINE 

CONTAINS THE 

INDECES 

OF THE DELAYED 

SURFACES 

OF SPACE 2 

1. 

2 . 

2. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

18. 

13. 




***** WARNING ***** 

THE NUMBER OF INDECES LISTEO HERE DIFFERS FROM THE STATED NUMBER GIVEN EARLIER 


VENT. USE 

INDEX INOEX 

1 . 100 . 

***** WARNING ***** 

ILLEGAL DATA STARTING IN COLUMN 31. 



II 


SECTION 4 

THERMAL LOAD ANALYSIS PROGRAM 


4.1 OBJECTIVE AND DESCRIPTION - 

The Thermal Load Analysis Program, a complex of heat transfer, 
psychrometri c , and geometric subroutines, computes the thermal 
loads, both heating and cooling, resulting in each building space 
each hour due to: 

1. Transmission gains and losses through walls, roofs, floors 
and windows. 

2. Solar gains through windows. 

3. Internal gains from people, lights and building equipment. 

4. Infiltration gains and losses due to wind and thermal pres- 
sure differences across openings. 

5. Ventilation air gains and losses due to fresh air requirements. 

Using these capabilities, the Thermal Load Analysis Program can per- 
form two types of analysis: 

1. Design load analysis - Utilizing user-defined design weather 
data, a 24-hour design day analysis is done for each month 
to determine peak heating and cooling requirements for each 
space and the entire building. 

2. Hourly energy analysis - Utilizing actual hourly weather 
data, hourly heating and cooling loads for each space are 
calculated for an entire year of building operation and 
results stored on magnetic tape for use by other programs. 

The input to the Thermal Load Analysis Program reflects building 
architecture, building construction, building surroundings, local 
weather, and pertinent astronomy of the sun. The output consists of 
hourly weather and psychrometri c data and hourly sensible loads, 
latent loads, return air lighting loads, and equipment and lighting 
power consumption for each building space. All calculations are 
performed in accordance with algorithms set forth by ASHRAE In their 
publication entitled "Procedures for Determining Heating and Cooling 
Loads for Computerized Energy Calculations "(Reference 1). Figure 
4.1 briefly depicts the overall methodology built Into the Thermal 
Load Analysis Program. 
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Figure 4.1 THERMAL LOAD ANALYSIS PROGRAM FLOWCHART 
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4.2 INPUT DATA 


Before the card input data can be prepared, the user must 
grasp the meaning of certain definitions and toward that end he is 
asked to read the following sections carefully. 

4.2.1 DEFINITIONS 

4. 2. 1.1 Building Coordinate System 

To communicate numerically to the computer the position of the 
aboveground exterior surfaces of the building, a coordinate system is 
needed to establish the location of a point. Figure 4.2 shows the 
recommended coordinate system for a rectangular building. In this 
coordinate system, called a right-handed Cartesian coordinate system, 
the front of the building lies In the xz plane. The origin, as 
viewed by a person outside the building, lies at the lower left- 
hand corner of the building front. The z axis points straight upward. 
The vertices of the plane polygons which represent the building sur- 
faces should follow, as shown in Figure 4.3 on a right-handed order 
about the outward normal . 

4. 2. 1.2 Building Azimuth Angle 

Building azimuth angle expresses the orientation of the buil- 
ding coordinate system relative to the points of the compass. It is 
defined as the angle clockwise from north to the Y-axis, as shown in 
Figure 4.4. In the case where the building does not align with the 
cardinal points of the compass, interpolation yields the building 
azimuth. For example, a NW frontal exposure yields a building azimuth 
of 135°. A SSE frontal exposure yields a building azimuth of 337.5°. 

4. 2. 1.3 Surface Description 

The user is given two methods for numerically describing a 
surface to the computer - the first can be used to describe any 
shape of surface and the second is a simplified method which can be 
used for rectangular surfaces only. Method 1 requires that the x, y, 
z coordinates for all surface vertices be defined. From this data, 
the computer then internally generates the additional information it 
requires, i.e., surface area and orientation (tilt angle and azimuth 
angle). Some users may feel that this method is tedious and there- 
fore may desire to use Method 2 if the surfaces are rectangular in 
shape. Method 2 requires that the following data be entered for 
rectangular surfaces: 
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z 



Figure 4.2 COORDINATE SYSTEM 



Figure 4.3 DEFINITION OF RIGHT-HANDED ORDER OF 
POLYGON VERTICES 














1 . 

2 . 

3. 

4. 

5. 


x, y, z coordinates of the lower left hand corner 


height 
width 
tilt angle 
azimuth angle. 


fx.y.z coordinates may be left 
vblank if common shade is not use 



Using this data, the computer can generate the remaining 3 
sets of x, y, z coordinates and the surface area. 


Since most buildings are made up of rectangular surfaces, it 
is envisioned that the user would make most use of Method 2. 

Method 1 would be reserved for surfaces of three or more than four 
vertices. 


4.2. 1.4 Surface Tilt Angle 

Surface tilt angle is defined as the angle between a horizon- 
tal plane and the surface in consideration. The value of tilt angle 
changes between 0° and 180°, as shown in Figure 4.5. 
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4. 2. 1.5 Surface Azimuth Angle 


Surface azimuth angle is defined as the clockwise angle from 
the Y-axis to the horizontal projection of the surface outward normal 
as shown, for vertical surfaces, in Figure 4.6 and Table 4.1. For 
horizontal surfaces, rotate the surface up into a vertical position 
along any of its sides, and perform a data takeoff the same as for 
a vertical surface except that the tilt angle is 0.0. 



180° 

Figure 4.6 VERTICAL SURFACE AZIMUTH ANGLE 
Table 4.1 


AZIMUTH ANGLES OF VERTICAL SURFACES 


WALL ORIENTATION 

AZIMUTH ANGLE (°) 

Facing direction of 
Y-axis 

0 

Facing direction of 

90 

X-axi s 


Facing opposite the 
Y-axis 

180 

Facing opposite the 
X-axis 

270 
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4. 2. 1.6 Choice of the First Vertex of a Heat Transfer Surface 


The following is of the utmost importance: 


"If a polygon boundary is concave, i.e., if it has a 
"dent" in it, a lways choose the first vertex so that 
the first three~~vertices are convex (see Figure 4.7). 
This means that, if you walk from vertex 1 to vertex 2 
on the outside of the surface, you must make a left turn 
to get to vertex 3. This convention is necessary be- 
cause it affects coordinate transformations inside the 
program. This convention applies to delayed, quick and 
window surfaces." 



Figure 4.7 CHOICE OF FIRST VERTEX OF A HEAT TRANSFER SURFACE 



4.2. 1.7 Types of Heat Transfer Surfaces 


Spaces are surrounded by heat transfer surfaces which can 
be of several types. 

1. Delayed Heat Transfer Surfaces 

Thick exterior aboveground surfaces (walls or roofs) that 
impede the flow of heat, experience hourly change in tem- 
perature and therefore have a heat storage effect. 

2. Quick Heat Transfer Surfaces 

Thin exterior aboveground surfaces that experience hourly 
change in temperature but have little or no heat storage 
effect (e.g. metal doors). 

3. Windows 

4. Internal Heat Transfer Surfaces 

Interior walls or floors across which there is a tempera- 
ture difference but that experience slow or little change 
in temperature and which therefore can be treated as a 
steady state heat transfer surface (e.g. partitioning 
walls). 

5. Underground Walls 

Below-grade walls with exterior exposed to soil and 
across which there is a temperature difference but ex- 
periences slow or little change in temperature and there- 
fore can be treated as a steady state heat transfer sur- 
face. 

6. Underground Floors 

Same conditions as for Underground Walls (e.g. building 
foundation slab). 

All of these surfaces have this in common: Each can transfer 

sensible energy in or out of the space. Stored energy appears in the 
space sometime after it enters the outside of the surface layer. 
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4.2. 1.8. Surfaces with Windows 


Often a hole or cutout lies in the middle of a surface. If 
the perimeter of the surface is input as the perimeter of a poly- 
gon, the region over the hole will be counted twice, once as a hole 
and once as a part of a heat transfer surface (Figure 4.8). This 
error should be avoided by one of the following methods: 

1. Use a cut to convert the surface Into a doughnut-shaped 
polygon, of eight vertices, which surrounds but does not 
enclose the hole (Figure 4.9). 

2. Divide the surface into several smaller surfaces, none 
of which enclose the hole (Figure 4.10). 



Figure 4.8 INCORRECT REPRESENTATION OF SURFACE WITH HOLE 









4. 2. 1.9 SHADING SURFACES 


Shading surfaces are divided into two classes: common and 

added. This division has been found to increase the usefulness 
of the program. 

Common shade surfaces represent surfaces which shade more 
than one heat transfer surface and prevent the extra labor re- 
quired to input any shading surface twice. Were "commons" not 
used, each shading surface would have to be repeated for each heat 
transfer surface that it shades. To save computer time, the input 
forms for heat transfer surfaces provide space for the indices of 
common shade surfaces which shall be deleted from the shadow cal- 
culation of a particular heat transfer surface. For example, 
suppose that at the end of the input form for delayed surface 1, 
there appears the list 1;2;10;13. The computer program would 
then assume, without calculation, that neither the 1st, 2nd, 10th, 
or 13th common shading surfaces shade the 1st delayed surface. The 
user may use this feature when he knows that certain commons do not 
cast significant shadows on a heat transfer surface. 

Added shade surfaces represent surfaces which shade only one 
heat transfer surface and prevents the task of deleting a common 
for all but one heat transfer surface. 

The usual classification of some shading surfaces appears in 
Table 4.2. There is no hard rule for classification, so the user 
must use judgement. In case of doubt as to whether a shading sur- 
face casts significant shadows upon more. than one heat transfer sur- 
face, that shading surface should, to be safe, be treated as common. 


TABLE 4.2 

USUAL CLASSIFICATION OF SHADING SURFACES 


Type of Surface 

Classification 

Roof overhand 

Common 

Adjacent Building 

Common 

Window setback 

Added 

Window overhang 

Added 

Tree or water tower 

Common 


*The shading surfaces around a window can be represented in NECAP by 
specifying the set back and the border. The program develops the shading 
surfaces - three additional shade surfaces are counted in the dimension 
cards in the load program. 
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4.2.2 CARD FORM INPUT DATA 


Since the Thermal Load Analysis Program requires a great deal 
of Input data, the formatting of the data on cards has been kept 
as uniform as possible to minimize user preparation errors and 
also facilitate ease of keypunching. Three card formats are 
utilized and are as follows: 

1. FORMAT (35A1 ) 

This format allows alphanumeric data to be read, and is 
used for identifying five sets of Header data, e.g. name 
of facility, location, name of engineer, project number, 
date. 

2. FORMAT (24F3.2) 

This format is used to define operating schedules for 
lights, people and building equipment and allows 24 real 
numbers to be read from one card. All data must contain 
a decimal point and appear completely within the specified 
3-column fields. 

3. FORMAT (7F10.0) 

This format is used for the greater majority of the data 
and allows 7 real numbers to be read from one card. Again, 
all data must contain a decimal point and appear completely 
within the 10-column field. 

A standard coding form, like that shown in Figure 4.11, can 
be utilized for preparing the input data for key punching. Each 
line represents the information to be punched on one card. 

Columns 71 through 80 (except for scheduling cards which use 
columns 73 - 80), have been reserved for comments or identifica- 
tion. The computer ignores anything punched within these columns. 
The use of the simplified forms, as provided in Appendix C, is 
beneficial to speed up input and to provide better future 
reference. 

Prior to preparing the actual input data, the user should 
obtain a floor plan of the building to be analyzed and divide 
the floor area into temperature control or load control zones. 

The boundaries of these zones do not have to be actual walls, but 
rather should represent the area that could be controlled by a 
single thermostat. Once this zoning has been accomplished, the 
following information should be developed for each zone. 
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Figure- 4.11 TYPICAL INPUT CODING FORM 









1. For each aboveground exterior wall, roof, window or shading 
surface, the x, y, z coordinates of its vertices and the 
type of construction. For all other surfaces, (internal 

or underground], the area and heat transfer coefficient. 

2. Lighting level (KW or watts/sq.ft.) and hours of operation. 

3. Occupancy level (number of people) and hours of occupancy. 

4. Other internal loads (KW, watts/sq.ft, or BTU/Hr.) and 
hours of operation. 

To ensure proper coding of the data. Table 4.3 has been pre- 
pared for the user and contains the following columns of information: 

1. READING ORDER - the order in which the input card occurs 
in the data check. 

2. COLUMNS - the columns in which the input data are to be 
punched. 

3. INPUT VARIABLE DESCRIPTION - the definition of the input 
data contained on the card. 

4. PROGRAM SYMBOL - the name given to the input variable 
within the computer program. 

5. UNITS - the engineering units of the input data. 

6. LIMIT VALUES - the maximum and minimum values of the input 
variables. 

7. CODE - the designation code used to simplify the input of 
certain information. 

8. EXAMPLE - typical input values. 

9. COMMENT - any supporting remark which further clarifies 
the use of the input data. 

The user should pay particular attention to any comments or 
further instructions that are embodied within Table 4.3. The 
total number of cards in an input data deck will not be the same 
for every problem, but will vary with the number of spaces and 
number of surfaces ^identified in the buildinq. 
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4.2.3 COMPUTER TAPE FORM INPUT DATA 


Hourly thermal load calculation procedures require the hourly 
values of the following weather data: 

1 . Dry-bulb temperature 

2. Dew point temperature or wet-bulb temperature 

3. Total cloud amount 

4. Cloud type 

5. Wind velocity 

6. Atmospheric pressure. 

This hourly data can be obtained, as Form 1440 , either in punch 
card or magnetic tape form, from the National Climatic Center, 
Asheville, N. C. Detailed information on these data may be found in: 

1. Reference Manual WBAN Hourly Surface Observations 144, April 

1966. 

2. Reference Manual WBAN Solar Radiation - Hourly 280, April 

1967. 

3. Tape Reference Manual, Airways Surface Observations, TDF 14. 

The Thermal Load Analysis Program uses the magnetic tape form of 
the data. When an order is given for a selected tape, that Is, a 
selected weather station in proximity to the city in which the buil- 
ding is located, the user should obtain 10 years of weather data. 
This will ensure all possible types of weather years will be avail- 
able for analysis, since weather tends to repeat itself in 7 year 
cycles. See Appendix B for more information on weather tapes. 

4.2.4 BUILDING SIZE LIMITATIONS 

The Thermal Load Analysis Program is limited in the size of 
building that it can analyze. This limitation is not due to the 
inability of the program to handle a larger building, but rather 
is due to values that have been assigned to the dimension state- 
ments (not the measure of distance) that are embodied within the 
program. The maximum values set in the program are called out 
in the "Limit Values" column of Table 4.3. and are underlined 

If any one of these limits are exceeded for the building under 
study, the program cannot be used as supplied, and the engineer 
must consult Appendix A and prepare the required new dimension 
statements to be inserted into the program. NECAP, Data Verification 
Program will automatically produce the cards if desires. The use 
oof these new dimension cards can considerably reduce the core 
requirement of a small project. 
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Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

coot 

EXAMPLE 

COWENTS 

LC-1 

1 to 35 

Header 1 - e.g. Facility Name 

IDEN1 

- 

- 


Engineering 

Building 

Not nor* than 35 characters 

LC-2 

1 to 35 

Header 2 - e.g. Facility Location 

IDEN2 

- 

J 

- 

Hampton, Va. 

Not more than 35 characters 

LC-3 

1 to 35 

Header 3 - e.g. Engineer’s Name 

IDEN3 

- 


- 

R. Jensen 

Not more than 35 characters 

LC-4 

1 to 15 

Header 4 - e.g. Project Number 

IDEN4 

- 

- 

- 

NASI-12843 

Not more than 15 characters 

LC-5 

1 to 15 

Header 5 - e.g. Date 

IDEN5 

- 

- 

- 

15 July 1974 

Not more than 15 characters 

. 


1 to 10 

Latitude 

STALAT 

Degrees 

-90.0 to 90.0 

- 

42.0 

See 1972 ASHRAE Handbook, 
Chapter 33 


11 to 20 

Longitude 

STALON 

Degrees 


- 

88.0 



21 to 30 

Time Zone Number 

TZN 

- 

4.0 to 8.0 

- 

6.0 

See Figure 4.12a/id Table 4.3 



31 to 40 

Clearness Number for Summer 

CNS 

- 

0.84 to 1 .05 


0.98 



41 to 50 

Clearness Number for Winter 

CNW 

- 

0.84 to 1.05 

- 

0.98 

See Figure 4.13 


51 to 60 

Building Azimuth 

BAZ 

Degrees 

0.0 to 360.0 


270.0 

See Figure 4.4 

LC-7 

1 to 10 

Job Processing Code 

CODE 

- 

1.0 

2.0 

3.0 

1.0 Design Load Analysis flnly 

2.0 Design Load & Hourly 
Energy Analysis 

3.0 Hourly Energly Analysis 
Only 

2.0 

If Code equals 3.0, skip 
LC-8A, 88 & 8C; go to LC-9 


11 to 20 

Ventilation Air Rate 

CFMSF 

CFH/FT 2 

0. to 10. 

- 

0.1 



21 to 30 

Estimated Total Fan Pressure 

FPRES 

Inches 

Water 

0. to 15. 

• 

4.0 

Used to estimate fan heat 


31 to 40 

Zone Cold Air Supply Temperature - 1 

OTC 

°F 

40. to 70. 

- 

52.0 

Used to determine zone 


41 to 50 

Zone Cold Air Supply Temperature - 2 

DTC 

°F 

40. to 70, 

- 

55.0 



51 to 60 

Zone Hot Air Supply Temperature * 1 

OTH 

°F 

80. to 200. 

- 

120.0 

Used to determine zone 
hot air supply rate 


61 to 70 

Zone Hot Air Supply Tenperature - 2 

DTH 


80. to 200. 


140.0 
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Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 



READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 



LC-OA 

1 to 10 

Building Altitude Above Sea Level 

ALTU0 

FT. 

0. to 10,000 

- 

500.0 

See 1972 ASHRAE Handbook, 
Chapter 33 



LC-8B 

1 to 10 

Summer - Maximum Dry-Bulb Temperature 

TOBS 

°F 

50. to 150. 

- 

94.0 





11 to 20 

Sumner - Daily Range of Dry-Bulb 
Temperature 

RANGS 

°F 

0. to 30. 

- 

16.0 

Summer Design Day Condition 

m 

</> 

s 


21 to 30 

Summer - Dew Point Temperature 

TOPS 

°F 

30. to 90. 

- 

75.0 


r- 

o 

s* 

o 


31 to 40 

Summer - Wind Speed 

WINDS 

MPH 

0. to 25. 

- 

5.0 




LC-8C 

1 to 10 

Winter - Minimum 
Dry-Bulb Temperature 

TDBW 

°F 

-50. to 75. 


-10.0 





11 to 20 

Winter - Daily Range of 
Dry-Bulb Temperature 

RANGW 

°F 

0. to 30. 

... _ 

" 

3.0 

Winter Design Day Condition 




21 to 30 

Winter - Dew Point Temperature 

TDPW 

°F 

-50. to 60. 


-10.0 




31 to 40 

Winter - Wind Speed 

WINDW 

MPH 

0. to 25. 

- 

7.0 


1 

i 

IF PERFORMING DESIGN LOAD ANALYSIS ONLY (i.e. CODE = 1). SKIP LC-9 AND GO TO LC-10 



LC-9 

1 to 10 

Weather Year 

YEAR 

- 

- 

- 

1957.0 

- 




11 to 20 

Month at which study to be started 

0NTH 

- 

1 to 12 

- 

11.0 

- 

jENERAL 


21 to 30 

Length of study 

ENGTH 

Days 

1 to 365 

- 

7.0 

See Table 4.7 




31 to 40 

Length of special schedule at end 
of year 

XMAS 

Days 

0 to 365 

- 

0.0 

- 




41 to 50 

Estimated initial wall and roof outside 
surface temperature 

TDB 

°F 

-50.0 to 150.0 

- 

80.0 

Used to Initialize wall 
temp if weather tape has no 
teno on first hour. 



LC-10 

1 to 10 

..Code for printing hourly space thermal 
and infiltration loads 

CPRINT 

- 

0.0 to 1.0 

0.0 Printing is not wanted 
0.1 Printing is wanted 

1.0 




LC-ll 

1 to 10 

Number of different types of space 
schedules desired 

TYPS 

- 

1.0 to 3.0 

- 

2.0 

- 
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Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 
(CONTINUED) 



READING 

ORDER 

COLUMNS INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 

'READING ORDER IC-12 SHOULD BE REPEATED ''TYPS” TINES, WITH LC-13 INTERSPERSED WHERE REQUIRED.' 

i 

LC-12 

4 to 6 

Is people schedule required? 

CFKSCH 


0.0 or 1.0 

0.0 No 
1.0 Ves 

1.0 


7 to 9 

People schedule code - Sunday 

FISCH 

- 

1.0 to 20.0 

I through 10 indicates 
standard schedules built 
into program. See Table 4. 5 
for description. 

II through 20 indicates 
schedules to be defined 
by user via card LC-13. 

1.0 

If Code is 11 through 20, 

Card LC-13 must follow 
i (mediately and describe 
the newly defined schedule. 
Once the new schedule has been 
defined it need not be 
described again 

10 to 12 

11 “ “ - Weekday 

FISCH 

_ 

„ 

4.0 

13 to 15 

" n " - Saturday 

FISCH 

- 

" 

1.0 

16 to 18 

M " " - Holiday 

FISCH 


■■ 

1.0 

19 to 21 

" " " - Special 

FISCH 

- 

■ 

1.0 

25 to 27 

Is Lighting schedule required? 

CLTSCH 

- 

0.0 to 1.0 

0.0 No 
0. 1 Yes 

1.0 < 


28 to 30 

Lighting schedule code - Sunday 

FISCH 

- 

1.0 to 20.0 

I through 10 Indicates 
standard schedules built 
into program. See Table 4.5 
for description. 

II through 20 indicates 
schedules to be defined 
by user via Card LC-13 

1.0 

Sue is ebove 

o 

zc 

m 

n 

31 to 33 

" M “ Weekday 

FISCH 

- 


7.0 

cr> 

34 to 36 

" " " Saturday 

FISCH 

- 

" 

1.0 

37 to 39 

“ “ " - Holiday 

FISCH 

- 

" 

1.0 

40 to 42 

H M " Special 

FISCH 

- 

“ 

1.0 

46 to 48 

Is equipment schedule required? 

CEQSCH 


0.0 to 1.0 

0.0 No 
1.0 Yes 

0.0 


49 to 51 

Equipment schedule code - Sunday 

FISCH 

- 

1.0 to 20.0 

I through 10 indicates 
standard schedules built 
Into program. See Table 4.5 
for description 

II through 20 indicates 
schedules to be defined 
by user via Card LC-13 

0.0 

Sue as above. 

52 to 54 

" " " - Weekday 

FISCH 

- 

« 

0.0 

55 to 57 

" " " - Saturday 

FISCH 

- 

■ 

0.0 

58 to 60 

" " » - Holiday 

FISCH 

- 

« 

0.0 

61 to 63 

■ “ “ - Special 

FISCH 

- 


0.0 

...... 











4 * 

I 

no 

o 



COWEHTS 


New schedules Must be 
defined In Increasing 
sequence; once define It 
need not be entered again. 


If equal to 0.0, skip reading 
orders 15,16, and 16';go to 17. 


If equal to 1.0, use reading 
order 16; otherwise use 16'. 
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THERMAL LOAD ANALYSIS 


INPUT VAR1A8LE DESCRIPTION 


READING ORDER LC-IC SHOULD K REPEATED "FNVSP- TINES 


1 to 10 

Coordinates of Surface Vertex 

XSP 

11 to 20 

VSP 

21 to 30 


ZSP 

1 to 10 

Muater of different types of delayed 
surfaces 

FNftF 

11 to 20 

Nuaber of standard surfaces 

FNSTD 


READING ORDER LC-I8 IS REQUIRED IF FNSTD GREATER THAN 0.0 


LC-18 1 to 10 I Standard surface code 


61 to 70 I Standard surface code 


READING LC-19 AND LC-20 SHOULD RE REPEATED (FNRF-FNSTO) TINES 


1 to 3 

Nuaber of response 

nun 

4 to 23 

Cannon ratio 

M 


READING ORDER IC-20 SHOULD BE KPEATEO "RAFT* TINES 


LC-20 1 to 20 X Response Factor 

21 to *0 T Response Factor 


RF, "Bf 


41 to 60 


2 Reponse Factor 


RFZ 



2.64*2141 



























































Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 

LC-21 

1 to 10 

Number of delayed heat transfer surfaces 
in the building 

ENDB 

- 

0.0 to 28 

- 

28.0 

If equal to 0.0 skip reading 
orders 22 through 29;go to 30. 


THE READING ORDERS 22,23,24 (OR 24* ) 25,26,27 (OR 27’) INCLUSIVE SHOULD BE REPEATED "FNDB" TIMES. 


1 to 10 Absorptivity of outside of surface 


Reflectivity of ground facing surface 


Infiltration flow coefficient 


1 to 10 Number of vertices in surface 


Number of X divisions in surface 
21 to 30 Number of Y divisions in surface 


an Number of coranon shading surfaces 
deleted from surface 


41 to 50 Number of shading surfaces added to sur- FNAD 
face 


51 to 60 Surface roughness index 


61 to 70 Index for type of surface 


LC-24 1 to 10 

Coordinates of lower left-hand corner 

li i-n of rectangular surface when viewed 
from outside 

21 to 30 

31 to 40 Height of surface 
41 to 50 Width of surface 
51 to 60 Azimuth angle of surface 
61 to 70 Tilt angle of surface 





















































































DELAYED SURFACES - 


Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 


READING 

ORDER 

COLUMN 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 

THE FOLL 

OWING READ 

NG ORDER SHOULD BE REPEATED "FNVD" TIMES. 



1 to 10 

Coordinates of surface vertex 

XVD 

Ft 

- 

- 

25.5 

- 

11 to 20 

YVD 

Ft 

- 

- 

18.5 

- 

21 to 30 

ZVD 

Ft 

- 

- 

0.0 

" - 

LC-25 

1 to 10 
61' to 70 

Index of comnon shading surface deleted. 

FIOD 

- 

1.0 to FNSP 

- 

2.0, 5.0, ... 

If number of deletions is 
greater than seven, use more 
than one computer card. 

THE READING ORDERS 

26 AND 27 (OR 27') SHOULD BE REPEATED "FNAD" TIMES. 

LC-26 

1 to 10 

Number of vertices of added shading 
surface 

FNVAD 

- 

1.0 or 3.0 to 7.0 

1.0 Short fora for rectangle 

8.0 

If equal to 1.0, use reading 
order 27; otherwise use 27'. 

11 to 20 

Transmittance of added shading surface 

PAD 

- 

0.0 to 1.0 

• 

0.0 Opaque 
1.0 Clear 

0.8 

- 

LC-27 

1 to 10 

Coordinates of loner left-hand comer 
of added rectangular shading surface 
when viewed from outside 

ACORN 

Ft 


- 

12.0 

- 

11 to 20 

YCORN 

Ft 

- 

- 

11.0 

- 

21 to 30 


ZCORN 

Ft 

- 

- 

10.0 

- 

31 to 40 

Height of added shading surface 

H 

Ft 

- 

* 

5.0 

- 

41 to 50 

Width of added shading surface 

W 

Ft 

- 

- 

6.0 

- 

51 to 60 

Aziauth angle of added shading surface 

A 

Degree 

0.0 to 360.0 

- 

35.0 

- 

61 to 70 

Tilt angle of added shading surface 

B 

Degree 

0.0 to 180.0 

- 

90.0 

- 







































































Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 


1 ) - - 1 

1 t 4 ■.-■■4 = . . : a - = =s| 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FNVAD" TIMES. 

i ■ i 1 r “ 1 1' 1 — 


LC-27* 1 to 10 

11 to 20 


Coordinates of vertex of added 
shading surface 


LC-28 1 to 10 Total number of pictorial outputs desired FLOOKD 


THE FOLLOWING READING ORDER SHOULD BE REPEATED "FLOOKD" TIMES. 


LC-29 1 to 10 Month 

11 to 20 Hour of the day 
21 to 30 Surface Index 



1.0 to 12.0 


1.0 to 24.0 


1.0 to FNDB 


FMLOKD 


FILOKD 


FJLOKD 


FW)B 


THE READING ORDERS 31, 32, 33 (OR 33') 34, 35, 36, (OR 36') INCLUSIVE SHOULD BE REPEATED "FNQB" TIMES. 


0.0 to 1.0 


Nunber of quick heat transfer 
LC-30 1 to IU supfjces )n the pulling 


1 to 10 

Absorptivity of outside of surface 

ABQ 

11 to 20 

Reflectivity of ground facing surface 

ROGQ 

21 to 30 

Heat transfer coefficient 

UQI 


Infiltration flow coefficient- 

CINFQ 

1 to 10* 

Number of vertices in surface 

FNvq 

11 to 20 

Number of X divisions In surface 

FNXQ 

21 to 30 

Number of Y divisions In surface 

FNVQ 

31 to 40 

Number of cannon shading surfaces 
deleted from surface 

FNDQ 

41 to 50 

Number of shading surfaces added 
to surface 

FNAQ 

51 to 60 

Surface roughness Index 

FISQ 


If equal to 0.0, skip reading 
order 29; go to 30. 




If equal to 0.0, skip reading 
orders 31 through 3S; go to 39. 


See Table 4.9. 


See Table 4.10. 


See Table 4.13 -use for crack metlygd 
- otherwise leave blank. I 


If equal to 1.0, use reading 
order 33; otherwise use 33'. 


Determines number of 
segments to break surface Into 
for shadow analysis. 


If equal to 0.0 or FNSP, skip 
reading order 34. 


See Table 4.3. 
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Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 
(CONTINUED) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT values 

CODE 

EXAMPLE 

COtHENTS 

LC-33 


Coordinates of lower left-hand 
corner of rectangular surface 
when viewed from outside 

XCORN 

Ft 

- 

- 

25.0 

- 


YCORN 

Ft 

- 

- 

15.0 

- 

21 to 30 


ZCORN 

Ft 

- 

- 

20.0 

- 

31 to 40 

Height of surface 

H 

Ft 

- 

- 

10.0 « 

- 

41 to 50 

Width of surface 

W 

Ft 

- 

- 

5.0 

- 

51 to 60 

Azimuth angle of surface 

A 

Degree 

0.0 to 360.0 

- 

360.0. 

- 

61 to 70 

Tilt angle of surface 

8 J 

Degree 

0.0 to 180.0 

- 

90.0 

- 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FNVQ" TINES. 

LC-33 

1 to 10 

Coordinates of surface vertex 

xvq 

Ft 

- 

- 

25.0 

- 

11 to 20 

yvq 

Ft 

- 

' 

20.0 

- 

21 to 30 

zvq 

Ft 

- 

- 

10.0 

- 

LC-34 

1 to 10 
61 to 70 

Index of comnon shading surface deleted 

FIDq 

■ 

1.0 to FNSP 

- 


If nurter of deletion Is 
greater than seven, use more 
than one computer card. 

THE READING ORDERS 35 AND 36 (OR 36 ‘ ) INCLUSIVE SHOULD BE REPEATED "FNAQ" TINES. 

LC-35 

1 to 10 

Number of vertices of added 
shading surface 

FNVAq 

- 

1.0 or 3.0 to 7.0 

1.0 Short form for • 
rectangle 

8.0 

If equal to 1.0, use reading 
order 36; otherwise use 36’. 

11 to 20 

Transmittance of added 
shading surface 

PAq 

- 

0.0 to 1.0 

0.0 Opaque 
1.0 Cieir 

0.8 

- 







































































QUICK SURFACES 


Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COttlENTS 

LC-36 

1 to 10 


XCORN 

Ft 


- 

12.0 



11 to 20 

Coordinates of lower left-hand corner 
of added rectangular shading surface 

YCORN 

Ft 

- 

- 

11.0 

- 


21 to 30 


ZCORN 

Ft 

- 

- 

10.0 

- 


31 to 40 

Height of added shading surface 

K 

Ft 

- 

- 

5.0 



41 to 50 

Width of added shading surface 

W 

Ft 

- 

- 

6.0 

- 


51 to 60 

Azimuth angle added shad.ng surface 

A 

Degree 

0.0 to 360.0 

- 

35.0 

- 


61 to 70 

Tilt angle of added shading surface 

s 

Degree 

0.0 to 180.0 

- 

90.0 

- 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FNVAQ" TIMES. 

LC-36 

1 to 10 


wq 



- 

12.0 

- 


11 to 20 

Coordinates of vertex of added 
Shading surface’ 

m 

Ft 

- 

- 

0.0 

- 


21 to 30 


ZAQ 

Ft 

- 

- 

1.0 

- 

i LC-37 

1 to 10 

Total number of pictorial outputs 
desired 

FLOOKQ 

- 

0.0 to 20.0 

- 

2.0 

If equal to 0.0, skip reading 
order 38; go to 39. 

! THE FOLLOWING READING ORDER SHOULD BE REPEATED "FLOOKQ" TIMES. 

!l ‘ 

| LC-38 

1 to 10 

Month 

FMLOM) 

- 

1.0 to 12.0 

- 

11.0 

- 

i 

11 to 20 

Hour of the day 

FILOKq 

- 

1.0 to 24.0 

- 

9.0 

- 

■i 

21 to 30 

Surface index 

FJLOKq 

- 

1.0 to FNqs 

- 

5.0 

- 




WINDOWS 


Table 4.4 


THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 
(CONTINUED) 


READING 

ORDER 

COLUMNS 

INPUT variable description 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

CWWENTS 

LC-39 

1 to 10 

Number of windows in the building 

FNWB 

• ... J 

0.0 to 9.0 

aaaa 

- 


HMMCl 

THE REA 

DING ORDERS 

43. 41, 42 (OR 42'), 43, 44, 45 (OR 45') INCLUSIVE SHOULD BE REPEATED "FNWB" TINES. 


LC-40 

1 to 10 

ASHRAE shading coefficient 

SHACO 

- 

0.0 to 1.0 

- 

0.5 

See 1972 ASHRAE Guide, Chapter 22 


11 to 20 

Form factor between window and sky 

PEWS 

- 

0.0 to 1.0 

- 

0.4 


21 to 30 

Form factor between window and ground 

FFWG 

- 

0.0 to 1.0 

- 

0.4 

- 


31 to 40 

Reflectivity of ground faci^i^ window 

ROGW 

_ 

0.0 to 1.0 

- 

0.30 

See Table 4.10. 


.41 to 50 

Window Setback 

SETBK 

inches 

0.0 to — 

- 

4.0 

wjndow must be short- 
form -rectangle to use. 

51 to 60 

Window border 

BOOR 

inches 

0.0 to — 

i, - 

.3.0 

61 to 70 

Infiltration flow coefficient 

CINEW 


0.0 to — 

- 

5.3 

See Table 4.13 -use for 
crack method - otherwise 
leave blank 

LC-41 

1 to 10 

Number of vertices In window 

| 


1.0 or 3.0 to 4.0 

1.0 Short form for rectangle 

8.0 

ff equal to 1.0, use reading 
order 42; otherwise use 42'. 

11 to 20 

Number of X divisions In window 

| 

- 

1.0 to 120.0 

- 

15.0 

Determines number of 
segments to break window Into 
for shadow analysis. 

21 to 30 

Number of Y divisions in window 

| 

: 

1.0 to 90.0 

- 

10.0 ' 

31 to 40 

Number of conmon shading surfaces 
deleted from window 

FNDW 

- 

0.0 or less than 
or equal FNSP 

- 

| 

If equal to 0.0 or FNSP, skip 
reading order 43. 

41 to 50 

Number of shading surfaces added 
to window 

FNAW 

- 

0.0 to 3.0 

- 

m 

- 

51 to 60 

Number of panes of window glass 

FNPW 

- 

1.0 or 2.0 

1.0 Single pane 

2.0 Double pane 

1.0 

- 

61 to 70 

Index for type of window glass 

FGLASW 

- 

1.0 to 8.0 

- 

1.0 

See Table 4.11 and Figure 4.14. 

LC-42 

1 to 10 

Coordinates of lower left-hand 
corner of rectangular window 
when viewed from outside 

XCQRN 

Ft 

- 

- 

8.5 

- 

11 to 20 

YCORN 

Ft 

- 

- 

22.7 

- 

21 to 30 

ZCORN 

Ft 

- 

- 


- 

31 to 40 

Height of window 

H 

Ft 

- 

- 

10.0 

- 

41 to 50 

Width of window 

W 

Ft 

- 


■a 


51 to 60 

Azimuth angle of window 

A 

Degree 

0.0 to 360.0 

- 

90.0 

- 

61 to 70 

Tilt angle of window 

B 

Degree 

0.0 to 180.0 

- 

25.5 

- 

































































Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 



PROGRAM 

INPUT VARIABLE DESCRIPTION 

SYMBOL 


READING 

ORDER COLlMtS 


THE FOLLOWING READING ORDER SHOULD BE REPEATED "FNVW" TIMES. 


LC-42' 

1 to 10 


11 to 20 

21 to 30 


1 to 10 

LC-43 : Index of common shading surface deleted FIDW 

61 to 70 


THE READING ORDERS 44 and 45 (OR 45') INCLUSIVE SHOULD BE REPEATED "FNAW" TIMES. 



Number of vertices of added shading surface 

FNVAW 

Transmittance of added shading surface 

PAW 

Coordinates of lower left-hand 

corner of added rectangular shading surface 

XCORN 

YCORN 


ZCQRN 

Height of surface added to window 

H 

Width of surface added to window 

W 


51 to 60 Azimuth angle of surface added to window 


61 to 70 Tilt angle of surface added to window 


THE FOLLOWING READING ORDER SHOULD BE REPEATED "FNVAW" TIMES. 


1 to 10 



11 to 20 


21 to 30 


Coordinates of vertex of surface 
added to window 


If number of deletions Is 
greater than 7,0, use more 
than one computer card. 


If equal to 1.0, use reading 
order 45 ; otherwise use 45'. 



XAW 

Ft 

YAW 

Ft 

ZAW 

Ft 



















































































4-29 


Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 



READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

— 

WITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 


: 

f 

LC-46 

1 to 10 

Total number of pictorial outputs 
desired 

FLOOKW 

- 

0.0 to 20.0 

- 

0.0 

If equal to 0.0, skip reading 
order 47; go to 48. 

THE FOL 

LOWING READING ORDER SHOULD BE REPEATED "FLOOKW" TIMES. 

LC-47 

1 to 10 

Month 

FMLOKW 

- 

1.0 to 12.0 

- 

1.0 

- 

n to 20 

Hour of the day 

FILOKW 


1.0 to 24.0 

- 

12.0 

- 

21 to 30 

Window index 

FJLOKW 

- 

1.0 to FNWB 

- 

5.0 

- 

: 

r 


LC-48 

1 to 10 

Nuirber of Internal heat transfer 
surface In the building 

FNIHTS 

- 

0.0 to 20.0 

- 

0.0 

If equal to 0.0, skip reading 
order 49; go to 50. 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FNIHTS" TIMES. 

LC-49 

1 to 10 

Area of surface 

AIHTS 

Ft 2 

- 

- 

100.0 

- 

11 to 20 

Heat transfer coefficient of surface 

FIHTS 

Btu/hr-ft^ 

-°F 

- 

- 

0.9 

- 

21 to 30 

Indices of spaces connected to surface 

SPC1 

- 

- 

- 

17.0 

- 

31 to 40 

SPC2 

- 

- 

- 

9.0 

- 

C 


LC-50 

1 to 10 

Number of underground walls In the 
building 

FNUWB 

- 

0.0 to 20.0 

- 

1.0 

If equal to 0.0, skip reading 
order 51 ; go to 52. 

e> 

M 

1 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FIIUWB" TIMES. 

LC-51 

1 to 10 

Area of wall 

AUW 

Ft 2 

- 

- 

50.0 

- 

11 to 20 

Heat transfer coefficient of wall 

FUW 

Btu/hr-ft* 

- 6 F 

- 

- 

1.5 

- 


FLOORS 


Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 




COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

1 to 10 

Number of underground floors In the 
building. 

FNUFB 

.(MING READING ORDER SHOULD BE REPEATED "FNUFB” TIMES. 

1 to 10 

Area of floor 

AUF 

11 to 20 

Heat transfer coefficient of floor 

FUF 

1 to 10 

Ground temperature 

TGRND 

61 to 70 



1 to 10 

Number of spaces In the building 

FNS 


Btu/hr-ft^ 

-°F 


1.0 to 25.0 


THE READING ORDERS 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, AND 66 INCLUSIVE SHOULD BE REPEATED "FHS" TIMES. 


0.0 to 25.0 


1 to 10 

Number of delayed surfaces in the space 

FND 

n to 20 

Number of quick surfaces in the space 

FNQ 

21 to 30 

Number of windows in the space 

FNW 

31 to 40 

Number of internal surfaces In the space 

FINT 


Number of underground walls In the space 

FNUW 

51 to 60 

Nimiber of underground floors In the space 

FNUF 

61 to 70 

Nurter of additional Identical spaces 
In the building 



FHULT 


If equal to 0.0, skip reading 
order 53; go to 54. 


25.0 


2.0 


30.0,35.0, .. 



First data is for 1st mo. of study. 
If study length > 7 mos. , use 2nd 
computer card! If FNUWB+FNUWB ■ 
0.0, skip this reading order. For 
CODE « 1 or 2, all 12 mos. are 
requi red. 


If equal to 0.0, 
order 61. 



skip reading 


skip reading 


skip reading 


skip reading 


skip reading 


skip reading 
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Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 
(CONTINUED) 


READING 



ORDER 

COLUMNS 

■ INPUT VARIABLE DESCRIPTION 

LC-57 

1 to 10 

Floor area of space 


11 to 20 

Volume of space 


21 to 30 

Weight of floor of space 



31 to 40 

Temperature of space 

41 to 50 

Number of people in space 


51 to 60 Activity level in the space 


1 to 10 Type of light fixture 


11 to 20 Percent of light heat to space 


21 to 30 Schedule Index 


Type. of infiltration analysi 


41 to $0 [infiltration rate 


Heioht above or below neutral 20 ne 




11 to 20 Lighting load (KW) 


LC-60 I 1 to 10 Equipment load (watts/ft ) 



11 to 20 

Equipment Load (KW) 

21 to 30 

Equipment load (BTU sensible) 

31 to 40 

Equipment load (BTU latent) 


- 

100.0 

- 

- 

1000.0 

- 



Btu/hr 400.0 to 1350.0 


1.0 to 4.0 


Decimal 0.0 to 1.0 


PWRLT 

KW 

WPFSE 

Watts/ft 2 

PWREQ 

KW 

EQSEN 

BTU/hr 

1 Equ\T 

BTU/hr 






































































SPACES 


Table 4.4 

THERMAL LOAD ANALYSIS PROGRAM CARO INPUT INFORMATION 

(CONTINUED) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PR06RAM 

SVNBOL 

bh 

UNIT VALUES 

CODE 

— 

EXAMPLE 

cowers 

LC-61 

1 to 10 
61 to 70 

Indices of delayed surfaces of space 

FID 

■ 

1.0 to FND 

- 


If maker of Indices Is greater 
than seven, use Mr* than one 
coawter card. 

To handle repetitive 
surfaces, repeat Indices as 
■any tines as required. 

LC-62 

KiVvYi*] 

Indices of quick surfaces of space 

FIQ 


1.0 to FNQ 

- 

1.0. 2.0, ... 

LC-63 

■KTVTjI 

himTVtI 

Indices of windows of space 

FIN 

- 

1.0 to FNU 

- 

1S.0, 22.0, ... 

LC-6A 


Indices of Internal surfaces In space 

FFIHTS 

- 

1.0 to FN1HTS 

- 

11.0, 22.0, ... 

LC-65 

l to 10 
61_to 70 

Indices of underground walls In space 

FIUW 

- 

1.0 to FNUWB 

- 


LC-66 

MlWTfwT'a 

Indices of underground floors In spice 

FIUF 

- 

1.0 to FIRJFB 

- 

9.0, 12.0, ... 











































Figure 4.12 TIME ZONES IN THE UNITED STATES 


TABLE 4.3 

TIME ZONE NUMBERS IN U.S. FOR STANDARD TIME 


TIME ZONE 

TZN 

Atlantic 

4 

Eastern 

5 

Central 

6 

Mountain 

Pacific 




Figure 4.13 CLEARNESS NUMBERS OF NON-INDUSTRIAL 
ATMOSPHERE IN UNITED STATES 
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TABLE 4.6 

STANDARD CODED SURFACES 


CODE 

TYPE 

LAYER DESCRIPTION 

r-H 

Wall 

Wood Drop Siding 
3/4" Sheathing Board 
4" Air Space 
1/2" Gypsum Board 
Inside Air 

2 

Wall 

Wood Drop Siding 
'3/4" Sheathing Board 
4" Fiberglass Insulation 
1/2" Gypsum Board 
Inside Air 

3 

Wall 

4" Face Brick 
1/2" Air Space 
3/4" Sheathing Board 
4" Fiberglass Insulation 
1/2" Gypsum Board 
Inside Air 

4 

Wall 

8" Concrete Block 
Inside Air 

5 

Wall 

12" Solid Concrete 
Inside Film 

6 

Wall 

12" Concrete Block 
2" Air Space 
1/2" Gypsum Board 
Inside Air 

7 

Wall 

4" Face Brick 
2" Air Space 
6" Concrete Block 
Inside Air 

8 

Wall 

4" Face Brick 
2" Air Space 
6" Concrete Block 
2" Fiberglass Insulation 
1/2" Gypsum Board 
Inside Air 

9 

Wall 

Sheet Metal 
2" Dense Insulation 
Sheet Metal 
Inside Air 
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TABLE 4.6 CONT'D 


CODE 

TYPE 

LAYER DESCRIPTION 

10 

Wall 

Metal Siding 
1" Dense Insulation 
8" Concrete Block 
Air Space 
1/2" Gypsum Board 
Inside Air 

11 

Roof 

Built-up Coating-1/2" Stone 
Built-up Coating-3/8" Felt 
2" Fiberglass Insulation 
Metal Pan 
Inside Air 

12 

Roof 

Built-up Coating-1/2" Stone 
Built-up Coating-3/8" Felt 
3" Cellular Glass 
Metal Pan 
Inside Air 

13 

Roof 

Built-up Coating-1/2" Stone 
Built-up Coating-3/8" Felt 
3" Cellular Glass 
Metal Pan 
Ceiling Air Space 
Acoustical Tile 
Inside Air 

14 

Roof 

| 

Built-up Coating-1/2" Stone 
Built-up Coating-3/8" Felt 
2" Cellular Glass 
4" L.W. Concrete 
Metal Pan 
Ceiling Air Space 
Acoustical Tile 
Inside Air 

15 

Roof 

Sheet Metal 
6" Fiberglass 
Gypsum Board 
Inside Air 

16 

Roof 

Asphalt Shingle (Pitched Roof) 
1/2" Plywood Sheathing 
Attic Air Space 
6" Insulation 
Gypsum Board 
Inside Air 
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TABLE 4.7 UPPER LIMIT FOR LENGTH OF STUDY AS 
FUNCTION OF STARTING MONTH 



STARTING 

MONTH 

UPPER LIMIT 
FOR LENGTH 

January 

365 

February 

334 

March 

306 

April 

275 

May 

245 

June 

214 

July 

184 

August 

153 

September 

122 

October 

92 

November 

61 

December 

31 




TABLE 4.8 CODE FOR EXTERIOR SURFACE FINISH 


CODE 

SURFACE 

FINISH 

EXAMPLE 

WALL 

ROOF 

1 

Rough 

to 

to 

LU 

z 

z 

C3 
z 
1 — < 
to 
<c 

LU 

cc 

o 

z 

? 

Smooth 

•Stucco 

•Wood Shingles 
•Built-up Roof 
with Stones 

2 

•Brick 

•Plaster 


3 

•Concrete 

•Asphalt Shingles 

4 

•Clear Pine 


5 

•Smooth 
Plaster 
• Metal 

•Metal 

6 

, 

•Glass 
•Paint on 
Pine 
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TABLE 4.9 


SOLAR ABSORPTIVITY OF TYPICAL BUILDING MATERIALS 


MATERIAL 

SOLAR ABSORPTIVITY 

Tinned Surface 

0.05 

White Glazed Brick 

0.25 

White on Galvanized Iron 

0.26 

Gravel 

0.29 

Bituminous Felt-Aluminized 

0.40 

Aluminum Paint 

0.40 

Built-up Roof-White 

0.50 

Light Buff Brick 

0.55 

White Marble 

0.58 

Asbestos Cement, White 

0.61 

Uncolored Concrete 

0.65 

Uncolored Abestos Cement 

0.75 

Wood, Smooth 

0.78 

Asphalt Pavement, Weathered 

0.82 

Roofing, Green 

0.86 

Blue Gray Slate 

0.87 

Red Brick 

0.88 

Bituminous Felt 

i 

: 

0.88 


TABLE 4.10 

REFLECTANCE OF GROUND SURFACES 
FOR VISIBLE RADIATION 


SURFACE 


REFLECTANCE 


Ocean 

Bituminous Concrete 
Wheat Field 
Dark Soil 
Green Field 
Grass, Dry 

Crushed Rock Surface 
Concrete, Old 
Concrete, Light Colored 


0.05 

0.07 

0.07 

0.08 

0.12-0.25 

0.20 

0.20 

0.24 

0.30 
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Table 4.11 


CODE FOR THICKNESS TIMES 
EXTINCTION COEFFICIENT 


CODE 

MEANING 

1 

l/8" sheet 

2 

k* l = 0.10 

3 

k*f = 0.15 

4 

k*i = 0.20 

5 

k*i = 0.40 

6 

k*i • = 0.60 

7 

50% transparent H.A. platje 

8 

k *i = 1.00 


K9 


ISISI 

mmm 


liSSfil 

not— 


Si 


IlffiBiSI 

IBSS 


H 1881! IS 

—mi ill iinniii 


ImilllMMiiilis 


SigHSjamdiS-t-ail 


Figure 4.14 k *l VS TRANSMISSION AT NORMAL INCIDENCE FOR 
SINGLE SHEET GLASS 


I 





I II 


I I _ 


III II II 


II II 


Table 4.12 

TYPES OF LIGHT FIXTURES 







TABLE 4.13 


INFILTRATION THROUGH WINDOWS, DOORS AND WALLS 


Flow Coefficients - CINF 

Suggested values to be used with NECAP Crack Method: 
Delayed Surfaces 


NECAP uses area of the delayed surface and sets N in 
the program § 0.8. ■ 


1. 13" brick with plastered surface (.04 cfh/sq.ft.) .0005 

2. 13" brick, furring, lath & plaster (0.35) .004 

3. Frame wall, lath, & plaster (0.18) .002 

4. 4" brick-6" concrete block-painted (0.25) .003 

5. 8" cement block-painted both sides (0.8) .001 

6. 8" brick - plain-poor workmanship (8.0) .10 

7. 16" shingles on shiplap w/building paper (2.0) .023 

8. 16" shingles on shiplap (20.0) .23 

9. 16" shingles on 1x4 boards on 5" CT. (90. o) 1.1 

Quick Surfaces 

NECAP uses perimeter of surface and sets N in 

the program @0.5 ^P 


1. 1/8" crack (.3cfm/ft) .77 

1/4" crack (.5) 1.3 

1/2" crack (1.1) 2.8 

2. Door - Residential (3x7) type 

closed w/WS (20cfm/unit) 2.4 

average use without WS (100) 12.0 

average use with WS (80) 9.8 

3. Door - Office (3.5x7) type 

closed (25) 3.1 

open 10% of time (110) 13.5 

open 25% of time (450) 55.0 

open 50% of time (1250) 153.0 

open 10% of time and vestibule (75) 9.3 

4. Door - Revolving type 

average use (100) 12.0 

5. Garage or Shipping Room Door 

No use (120) 6.0 

Average use (480) 60.0 
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Window Surfaces 


NECAP uses perimeter of surface and sets N 
in the program @ 0.66 

CINF 

1. Casement Windows and Frame 

Assume 25% openable area and crack length 
equals 60% of perimeter 

Architectural Projected 1/64" crack 
Architectural Projected 1/32' crack 
Residential casement 1/64" crack 

2. Double-Hung (crack length equals 125% 

Wood 

Average with WS 
Average without WS 
Poor fitted without WS 

Metal 

Average with WS 
Average without WS 

3. Glass Door (3.5x7) Average Use 


Values in () are infiltration values at 7^ mph 
see first in series for dimensions. 

WS = weather stripped 

Suggested References: 

1972 ASHRAE Handbook of Fundamentals, Chapter 19 
Carrier -cLoad Estimating Guide 


(.llcfm/ft crack) .23 
(.45) .94 
(.20) .41 

of perfmeter) 


(.14 cfm/ft crack) .6 


(.24) 

(.75) 


1.1 

3.2 


(. 22 ) 

(.55) 

( 110 ) 


1.0 

2.2 

18.0 


wind normal to surface - 


CINF = 


infiltration in cfm 
( DP ) **N*A 


DP = pressure difference 


A= area or equivalent 
length 
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4.3 OUTPUT REPORTS 


The Thermal Load Analysis Program prints out, at various stages 
of analysis, several types of reports. Some of these reports are 
received with each execution of the program, others only If specified. 
The purpose of these reports is to give the user a summary of the final 
results as well as, if desired, a summary of calculations performed at 
various stages leading up to the final results. 

Eleven types of reports, in all, can be created by the Thermal 
Load Analysis Program. They include: 

1 . Report LI - Echo of Card Input Data 

2. Report L2 - Title Page - Design Load Analysis 

3. Report L3 - Summary of Design Day Weather 

4. Report L4 - Space Load Summary 

5. Report L5 - Building Load Suninary 

6. Report L6 - Title Page - Hourly Energy Analysis 

7. Report L7 - Summary of Weather Tape Parameters 

8. Report L8 - Summary of Output Tape Data Labels 

9. Report L9 - Summary of Output Tape Data 

10. Report L10- Surface Shadow Pictures and Shadow Calculations 

11. Report LI 1— Summary of Recommended Space Heat Extraction and 
Addition Rates 

For the design load analysis segment. Reports LI, L2, L3, L4, 
and L5 are mandatory outputs; Reports L8, L9, and L10 are optional 
outputs. For the hourly energy analysis segment. Reports LI, L4, 

L5, L6, L7, and Lll are mandatory outputs; Reports L8, L9, and L10 
are optional outputs. 


4-41 



4.3.1 REPORT LI - ECHO OF INPUT DATA 


To give the user a hard copy record of the input data read 
each time the program is used, the first report coming out will 
always be a summary of input data read. An example of this report 
is shown in Figure 4.15. This report will occupy several pages 
depending upon the size of the input data deck. 

4.3.2 REPORT L2 - TITLE PAGE - DESIGN LOAD ANALYSIS 

Whenever a design load analysis is performed, Report L2 is 
printed to identify the type of output to follow. Printed as part 
of this report are the facility name, location, user's name, project 
number and date. 

4.3.3 REPORT L3 - SUMMARY OF DESIGN DAY WEATHER 


As indicated by Figure 4.17, Report L3 summarizes the monthly 
design day weather that was generated by the program via the user- 
provided input data. Extrapolation of this data to other months is 
done using Carrier temperature correction factors (Reference 2). Use 
of these correction factors may yield results where the WBT is 
equal to or greater than the corresponding DBT. ^ fix, therefore, 
has been placed in the program to limit the approach of the WBT to 
within no less than 3°F of the DBT. 

4.3.4 REPORT L4 - SPACE LOAD SUMMARY 


At the end of the design load analysis, a summary (see Figure 
4.18) detailing the components of the peak heating and cooling load 
is printed for each building space. An explanation of each item 
follows: 

1. Space No. - defined by order of input. 

2. Space Repetition Factor - defined by input LC-56. 

3. Area - defined by input LC-57. 

4. Volume - defined by input LC-57. 

5. Summer Cooling Peak - time of occurance of peak cooling 
load (sensible and latent) and corresponding ambient DBT 
and WBT. Peak will always occur during the 5th day of 
the month since the design day weather is repeated five 
days to filter out initializing effects. 

6. Winter Heating Peak - comments in item 5 also apply here 
except peak load is based upon sensible load only. 
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7. Walls - summation of transmission loads through delayed 
surfaces with tilt angles equal to or greater than 45°. 

8. Ceilings - summation of transmission loads through delayed 
and quick surfaces with tilt angles less than 45 . 

9. Window Conductance - summation of transmission loads 
through windows due to temperature difference. 

10. Window Solar - summation of transmission loads through 
windows due to solar radiation. 

11. Quick Surfaces - summation of transmission loads through 
quick surfaces with tilt angles equal to or greater than 
45°. 

12. Internal Surfaces - summation of transmission loads through 
internal surfaces. 

13. Underground Walls - summation of transmission loads through 
underground walls. 

14. Underground Floors - summation of transmission loads through 
underground floors. 

15. Occupants - summation of loads produced by people. 

16. Light to Space - Summation of light heat that goes directly 
into space. 

17. Equipment to Space - summation of equipment heat that goes 
directly into space. 

18. Infiltration - summation of loads produced by infiltration 
of outside air into building. 

19. Total - algebraic summation of items 7 through 18. 

20. Total Space Cooling - summation of item 19 for summer sen- 
sible and latent load. 

21. Total Space Heating - summation of item 19 for winter load. 

22. Supply air - amount of supply air required to handle peak 
loads for various supply air temperatures. 


\ 
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4.3.5 REPORT L5 - BUILDING LOAD SUMMARY 

Report L5 (see Figure 4.19) is similar to Report L4 except 
results are for time when the building load peaked. Additional 
Items include: 

1. Return Air - summation of space return air lighting loads. 

2. Fan Heat - heat produced by supply and return fans. 

3. Supply Air - total building air delivery rates required 
for both constant volume and variable volume distribution 
systems. 

4.3.6 REPORT L6 - TITLE PAGE - HOURLY ENERGY ANALYSIS 


Report L6 (see Figure 4.20) is similar. to Report L2 except that 
it is produced only at the time an hourly energy analysis is begun. 

4.3.7 REPORT L7 - SUMMARY OF WEATHER TAPE PARAMETERS 


To give the user a record of the source of weather data used for 
the hourly energy analysis. Report L7 is produced each time an hourly 
energy analysis is undertaken. See Figure 4.21 for an example report. 

4.3.8 REPORT L8 - SUMMARY OF OUTPUT TAPE DATA LABELS 


Reports L8 and L9 are companion reports. Report L8 (see Figure 
4.22) indicates the hourly weather and space load data that is cal- 
culated by the program and written each hour by the Thermal Load 
Analysis Program on an output tape. This report also is an aid 
in interpreting the data that is printed as part of Report L9. 

4.3.9 REPORT L9 - SUMMARY OF OUTPUT TAPE DATA 


Report L9 (See Figure 4.23) is an optional output and summarizes 
weather data and calculated space loads for each hour of the analysis. 
The user is cautioned that this report could require several hundred 
pages of output depending upon length of study and number of spaces . 
in building. 
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4.3.10 REPQRTMIO - SURFACE SHADOW PICTURES AND -SHADOW CALCULATIONS 


At the user's option, shadow pictures similar to that shown 
in Figure 4.24 can be printed by the computer. The starred area 
Indicates that portion of .the surface which is shaded. The shadow 
picture will always be for the first day of month desired since 
the program computes the sun's location only during the first day 
of each month. All other days In the month would therefore give 
the same shadow picture as that received for any hour of that first 
day. 

4.3.11 REPORT Lll - SUMMARY OF RECOMMENDED SPACE HEAT EXTRACTION ' 
AND ADDITION RATES 


The Variable Temperature Program (Section 5) require as in- 
put to it, the maximum heating and cooling capacities provided to 
each space. Report L10 (Figure 4.25) lists the recommended capaci- 
ties based upon hourly energy analysis results. These quantities 
are taken directly from item 19 of Report L4 for each space. 
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**************** ************* ******* 


***** ***** 

***** ECHO OF input data ***** 

***** FOR load program ***** 

***** ***** 


************************************ 


BASIC DATA 

37.00 

7G.00 

5.00 

0.96 

0,96 

299.00 

PROCESSING DATA 

1. 00 

0.12 

4.00 

50.00 

55.00 

120,00 

OESIGN LOAD DATA 
ALTITUDE 
SUMMER DAY 
WINTER DAY 

25.00 

94.00 

20.00 

18,00 

3.00 

72.00 

5.00 

5.00 

7.00 



PRINT COOE 

1.00 






NO. OF SCHEDULE TYPES 

1. 
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* 

* 

* 

* 

* 

* 

* 

* 


************* ******** 

DESIGN LOAD ANALYSIS FOR 
LRC SYSTEM? ENGINEERING 


+ 4*4 ******* **** ***** ****** 

* 

k 

* 

k 

k 

k 

* 

k 


* 

* 

* 

* 

* 

* 


iiUIl Ding 


HAMPTO'4* VIRGINIA 


k 

k 

k 

* 

k 

4- 


* ENGINEER - R. JENSEN 

* PROJECT NO - SZ» 4W» 3IN 

4. DATE - NOV 26» 1973 


*4c«*** 4t*** 4(4"*4t ********************** *********************** *********** ********** 
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SUMMARY 9Y MONTH UF DESIGN DAY WEATHER GENERATED FOR USE IN HE AT I MG AND COOLING CALCULATIONS 


SUMMER DAY INPUT PARAMETERS 

1. MONTH ASSUMED TO HE JULY OR AUGUST 

2. MAXIMUM DKY-BULJ TEMPERATURE = 94. 

3. DAILY SWING OF DRY-BULB TEMPERATURE = 18. 

4. AVERAGE DEW-POINT TEMPERATURE = 72. 

5. AVERAGE WILD SPEED = 5. 



♦ 

* * 

♦ * * 

* * 

* * 

A. 

, * * 

* * 

* ♦ * 

* * 

* * * 


1 

2 

3 

4 

b 

6 

7 

a 

9 

10 

11 

MARCH 

UB1 

62. 

bi. 

6 C . 

60. 

60. 

62. 

64. 

66. 

68. 

70. 

72. 

WBT 

59. 

sn. 

b 7 . 

57. 

57. 

59. 

61. 

63. 

65. 

67. 

68. 

APRIL 

DBT 

67. 

66. 

65. 

6b. 

65. 

67. 

69. 

71. 

73. 

75. 

77. 

WhT 

64. 

63. 

62. 

62. 

62. 

64. 


68. 

69. 

70. 

70. 

MAY 

OBI 

72. 

71. 

70. 

70. 

70. 

72. 

74. 

76. 

76. 

60. 

82. 

WBT 

69. 

68. 

67. 

67. 

67. 

69. 

71. 

72. 

72. 

73. 

73. 

JUNE 

DBT 

75. 

74. 

73. 

73. 

73. 

7b. 

77. 

79. 

81. 

B3. 

85. 

WBT 

72. 

71. 

70. 

70. 

70. 

72. 

73. 

74. 

74. 

75. 

75, 

JULY 

Bfir 

76. 

7b. 

74. 

74. 

74. 

76. 

78. 

60. 

62. 

84. 

86. 

WBT 

73. 

72. 

71. 

71. 

71. 

73. 

73. 

74. 

74. 

75. 

75. 

AUGUST 

DBT 

76. 

75. 

74. 

74. 

74. 

76. 

7e. 

80 . 

82. 

04. 

66 » 

WBT 

73. 

72. 

71. 

71. 

71. 

73. 

73. 

74. 

74. 

75. 

75. 

SEPTEMbER 

DBT 

73. 

72 . 

71. 

71. 

71 . 

73. 

75. 

77. 

79. 

61. 

83. 

WBT 

70. 

69. 

b & . 

66.. 

be. 

70. 

71. 

72. 

72. 

73. 

73. 

OCTOBER 

Db r 

69. 

b8 . 

67. 

67. 

67. 

69. 

71. 

73. 

75. 

77. 

79. 

WBT 

66 . 

65. 

64. 

64. 

■64. 

66. 

68. 

70. 

70. 

71. 

71. 

NOVEMHER 

DBl 

61. 

60. 

59. 

59. 

59. 

61. 

63. 

65. 

67. 

69. 

71. 

wer 

58. 

b7. 

56. 

56. 

56. 

5B. 

60 . 

62. 

64. 

6 6 . 

67, 

DECEMBER 

UB1 

21. 

20. 

20. 

20. 

20, 

20. 

20. 

21. 

21. 

22. 

22. 

WBT 

17. 

17. 

17. 

16. 

16. 

16. 

17. 

17. 

17. 

17. 

18. 


NGj E --- 

.TEMPI KAIURL CURKECTION 

factors based on 




CARRIER SYSTEM. DESIGN MANUAL PGS. 1-1P.19. 
WBT IS SET AT LEAST 3 UEG. F BELOW DBT. 


WINTER DAY INPUT PARAMETERS 

1. MONTH assumed TO BE DECEMBER 

2. MINIMUM DKY-BUlB TEMPERATURE s 20. 

3. DAILY SWING OF DRY-BULB TEMPERATURE = 3. 

4. AVERAGE DEW-POINT TEMPERATURE = 5. 

5. AVERAGE WIND SPEED = 7. 


* 

* 

* * 

* * * 

* * 

* * 

P.M. 

* * 

* * 

* * * 

« * 

* * * 

* 

12 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

75. 

77. 

79. 

80. 

79. 

78. 

77. 

75. 

73. 

71. 

69, 

66. 

64. 

69. 

70. 

70. 

70. 

70. 

70. 

70. 

69. 

68. 

68. 

66. 

63. 

61. 

80 . 

82. 

84. 

85. 

84. 

83. 

82. 

80. 

78. 

76. 

74. 

71, 

69. 

71. 

72. 

72. 

72. 

72. 

72. 

72. 

71. 

70. 

70. 

69. 

68. 

66. 

85. 

87. 

89. 

90. 

89. 

88. 

87. 

85. 

83. 

81. 

79. 

76. 

74. 

74. 

75. 

75. 

75. 

75. 

75. 

75. 

74. 

74. 

73. 

73. 

72. 

71. 

88. 

90. 

92. 

93. 

92. 

91. 

90. 

88. 

86. 

84. 

82. 

79. 

77. 

76. 

77. 

77. 

77. 

77. 

77. 

77. 

76. 

76. 

75. 

75. 

74. 

73. 

89. 

91. 

93. 

94. 

93. 

92. 

91. 

89. 

87. 

85. 

83. 

80. 

. 78. 

76. 

77. 

77. 

77. 

77. 

77. 

77. 

76. 

76. 

75. 

75. 

74. 

73. 

69. 

91. 

93. 

94. 

93. 

92. 

91. 

89. 

87. 

85 , 

83. 

80. 

78. 

76. 

77. 

77. 

77. 

77. 

77. 

77. 

76. 

76. 

75. 

75. 

74. 

73. 

86. 

88. 

90. 

91. 

90. 

89. 

88. 

86. 

84. 

82. 

80, 

77. 

75. 

74. 

75. 

75. 

75. 

75. 

75. 

75. 

74. 

74. 

73. 

72. 

72. 

71. 

82 . 

84. 

86. 

87. 

86. 

85. 

84. 

82. 

80. 

78. 

76. 

73. 

71. 

72. 

73. 

73. 

73. 

73. 

73. 

73. 

72. 

72. 

71. 

70. 

70. 

68 . 

74. 

76. 

78. 

79. 

78. 

77. 

76. 

74. 

72. 

70. 

68. 

65. 

63. 

68. 

69. 

6». 

69. 

69. 

69. 

69. 

68. 

67. 

67. 

65. 

62. 

60. 

22. 

23. 

23. 

23. 

23. 

23. 

23. 

22 X 

22, 

22. 

22. 

21. 

21. 

18. 

18. 

18. 

19. 

18. 

18. 

18. 

18. 

18. 

18. 

17. 

17. 

17. 
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DESIGN LOAD CALCULATION RESULTS FOR 
LRC SYSTEMS ENGINEERING 
HAMPTON. VIRGINIA 


SPACE NO. 


A 


SPACE REPETITION FACTOR 




1 


AREA (oO.F1.) 




500. 


VOLUME t CU.F1 . ) 




4700. 


SUMMER COOLING PEAK 






OBT/WaT/HR OF OAY/OATE 

98 / 75 

/ 

16 

/ JULY 1 


WINTER HEA1ING PEAK 






UBT/UUT/HR OF DAY/OATE 

-14 / -14 

/ 

21 

/ JAN. 23 



***** SUMMER 

LOAD ***** 

WINTER 


sensible 



LATENT 

LOAD 


(BTUH) 



l BTUH ) 

(BTUH) 

WALLS 

5800. 



0. 

-35586. 

CEILINGS 

1709. 



0. 

-3570. 

WINDOW CONDUCTANCE 

20660. 



0. 

-96917. 

WINDOW SOLAR 

20270. 



0. 

0. 

QUICK SURFACES 

0. 



0. 

0. 

INTERNAL SURFACES 

0. 



0. 

0. 

UNDERGROUND WALLS 

0 . 



0. 

0. 

UNDERGROUND FLOORS 

185. 



0. 

-1690. 

OCCUPANTS 

111. 



0. 

17, 

LIGHT TO SPACE 

5529. 



0. 

1474. 

EQUIPMENT TO SPACE 

0. 



0. 

0. 

infiltration 

0. 



0. 

0. 


TOTAL 


54264. 


0. -136271. 


TOIAL SPACE COOLING 54264. BTUH 

TOTAL SPACE HEATING -136271. UTUH 


SUPPLY 

air 

AT 

50 

F 

AT 

ciffuser 

2223. 

CFM 

4.45 

CFM/SO.FT 

SUPPLY 

aIR 

AT 

‘j5 

F 

AT 

DIFFUSER 

2779, 

CFM 

5.56 

CFM/SO.FT 

SUPPLY 

AIR 

AT 

120 

F 

AT 

CIFFJSEH 

2376. 

CFM 

4.75 

CFM/SO.FT 

supply 

AIR 

AT 

140 

f 

AT 

DIFFUSER 

1645. 

CFM 

3.29 

CFM/SO.FT 


Figure 4.18 REPORT L4 (TYPICAL) 
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PACE 7 


9UXL0ING LOAD SUMMARY FOR 

LHC SYSTEMS ENGINEERING 
HAMPTON. VIRGINIA 


SPACE NOS. 1 THRU 6 


total floor area (sq.ft.) 



53000. 



TOTAL VOLUME (CU.FT.) 



488800. 



SUM 1ER COOLING PEAK 






UUt/WbT/HR. OF OAY/OATE . 

95 / ai 

/ 

17 / AUG. 2 



WINTER HEATING PEAK 






UbT/WbT/HR OF 'JAY/OATE 

-15 / -15 

/ 

6 / JAN. 23 




***** SUMMER 

LOAD ***** 

WINTER 



SENSIBLE 


LATENT 

LOAD 



(BTUH) 


(BTUHI 

(BTUH) 


WALLS 

4536. 


0. 

-109526. 


CEILINGS 

108050. 


0. 

-337488. 


WINDOW CONDUCTANCE 

54813. 


0, 

-344317. 


WINDOw SOlAK 

38064. 


0, 

0. 

t 

QUICK SURFACES 

0. 


0. 

0. 

< i i 

internal surfaces 

7280. 


0. 

7280. 


underground walls 

0. 


0. 

0. 


UnUERGRCUNJ floors 

13738. 


0. 

-178599. 


OCCUPANTS 

85080. 


67716. 

75. 


LIGrtl TO SPACE 

579218. 


0. 

16470. 


EuUIPhLNT TO SPACE 

0. 


0. 

0. 


INFILTRATION 

0. 


0. 

0. 

s. 

SUUTCI al 

890779. 


67716. 

-946104. 

* 

RE fURiu AIR 

103640. 


0. 

2251. 

Aj 

FAN hlat 

68029. 


0. 

68029. 


ventilation air 

111764. 


316788. 

-729386. 


TOTAL 

1174211. 


384504. 

-1605210. 



TOTAL bUILUING COOLING 1558714. BTUH 129.9 TONS 

TOTAL UU1LLING HEATING -1605210, 3TUH -1605.2 MBH 


******* VARIABLE VOLUME SYSTEM ******* ******* CONSTANT VOLUME SYSTEM ******* 


SUPPLJ 

air 

A) 

50 

F 

AT 

DIFFUSER 

36497. 

CFM 

0.69 

CFM/SQ.FT, 

MAX. 

42370. 

CFM 

0.80 

CFM/SQ.FT . 

CONST. 

SUPPLY 

AIK 

AT 

55 

F 

AT 

DIFFUSER 

45621. 

CFM 

0 .86 

CFM/SQ.FT. 

MAX. 

52962. 

CFM 

1.00 

CFM/SQ.FT • 

CONST. 

Supply 

AIk 

AT 

120 

F 

AT 

DIFFUSER 

16500. 

CFM 

0.31 

CFM/SQ.FT. 

MAX. 

17608. 

CFM 

0.33 

CFM/SQ.FT. 

CONST. 

SUPPLY 

aIR 

AT 

140 

F 

AT 

DIFFUSER 

11423. 

CFM 

0.22 

ffm/sq.ft • 

MAX. 

12190. 

CFM 

0.23 

CFM/SQ.FT. 

CONST. 


Figure 4.19 REPORT L5 (TYPICAL) 
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****************************************** ************************************** 
* * 

* * 

* IN THIS RUN * 

* * 

* * 

* - U. S. WEATHER BUREAU 1440 WEATHER TAPE OF STATION 14819 IS USED, * 

* * 

* * 

* - THE. FIRST DATA OBTAINED FROM WEATHER TAPE IS FOR OTH HOUR Of 01/01/1963. * 

* * 

* * 

* - THE LENGTH OF THIS STUDY IS 365 DAYS. * 

* * 

* * 

* - THE .INITIAL OUTSIDE SURFACE TEMPERATURE IS 17 DEGREES FAHRENHEIT. * 

* * 

* * 

******************************************************************************** 
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*************************************** ***************************** ********** * 


* 

* 

IN THE FOLLOWING PAGES • 

* 

* 

THE first line of each printed BLOCKS GIVES * 

* 

TIME - HOURS. STANDARD TIME FROM FIRST HOUR OF JANUARY ♦ 

SUN INDEX - IF EQUAL TO ONE SUN IS DOWN, IF EQUAL. TO ZERO SUM IS UP * 

DRY-BULB TEMP. - DEGREES FAHRENHEIT * 

WET-BULB TEMP. - DEGREES FAHRENHEIT * 

WIND VELOCITY - KNOTS * 

HUMIDITY RATIO - LBS WATER PER LB DRY-aIP * 

PRESSURE - INCHES OF MERCURY * 

ENTHALPY - BTU PER LB DRY-AIR * 

DENSITY - LBS DRY-AIR PER CUBIC FOOT * 

CLOUD COVER MODIFIER - FRACTION OF TOTAL SOLAR RADIATION INCIDENT * 

UPON A HORIZONTAL SURFACE * 

THE FOLLOWING LINES OF EACH PRINTED BLOCKS GIVES 

* 

SPACE NUMBER * 

NUMBER OF IDENTICAL SPACES IN BUILDING * 

SPACE SENSIBLE LOAD - 3TU PER HOUR * 

SPACE LATENT LOAD - BTU PER HOUR * 

PLENUM RETURN AIR LIGHTING LOAD - BTU PER HOUR * 

SPACE LIGHTING AND EQUIPMENT POWER - KILOWATTS * 

* 

+ 

**************************************************************************** M t 

NOTE - the LOADS EXCLUDES OUTSIDE VENTILATION AIR LOADS * 


********************************************************************* ********** 

Figure 4.22 REPORT L8 (TYPICAL) 
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5165 


1 

76 . 73. 

4. 

0.01*790 

29.89 

36.62 

0.072027 

0.000 

1 

1 


91603.06 


0.0 

7560.14 


0.0 


2 

1 


12934.36 


0.0 

74,12 


0.0 


5 

1 


9466.27 


0.0 

74,12 


0.0 


4 

1 


14351.00 


0.0 

74,12 


0.0 


5 

1 


11911.75 


0.0 

74.12 


0.0 


ft 

1 


0.0 


0.0 

O.U 


0.0 


516 ft 


1 

75. 72. 

4. 

0.01*389 

29.89 

35.93 

0.072207 

O.OOU 

1 

1 


69205.25 


0.0 

5887.84 


0.0 


2 

1 


11022.34 


0.0 

57.72 


0.0 


3 

1 


6066.65 


o.o 

57.72 


0.0 


4 

1 


12393;02 


0.0 

57,72 


0.0 


5 

1 


10353.26 


0.0 

57.72 


0.0 


6 

1 


0.0 


0.0 

0.0 


0.0 


51 ft 7 


1 

74. 71. 

4. 

0.015805 

29,89 

35.05 

O . U 72408 

U.OUU 

1 

1 


31414.73 


0.0 

4585,45 


0.0 


2 

1 


9276.81 


0.0 

44.9 ft 


0.0 


3 

1 


6809.26 


0.0 

44.96 


0.0 


4 

1 


10613.62 


0.0 

44.9 ft 


0.0 


5 

1 


6910.63 


0.0 

44.96 


0.0 


ft 

1 


0.0 


0.0 

0.0 


0.0 


5168 


1 

74. 71. 

4. 

0.015805 

29.89 

35.05 

U . U 72408 

O.OOU 

1 

1 


37516.65 


0.0 

3571,15 


0.0 


2 

1 


6162.98 


0.0 

35.01 


0.0 


3 

1 


6000.16 


0.0 

35.01 


0.0 


4 

1 


9424.14 


0.0 

35.01 


0.0 


5 

1 


7941.05 


0.0 

35.01 


0.0 


6 

1 


0.0 


0.0 

0.0 


0.0 


5169 


1 

74. 71. 

4. 

0.015805 

29.89 

35.05 

0. U 72408 

0.000 

1 

1 


27324.63 


0.0 

2781.22 


o.n 


2 

1 


7248,71 


0.0 

27.27 


0.0 


3 

1 


5336.04 


n.o 

27.27 


0.0 


4 

1 


8430.42 


o.o 

27.27 


0.0 


5 

1 


7122.46 


0.0 

27.27 


0.0 


ft 

1 


0.0 


0.0 

0.0 


0.0 


5190 


0 

76. 73. 

4. 

0.016790 

29.89 

36.62 

0,072027 

0.000 

1 

1 


21008.62 


0*0 

2166.01 


0.0 


2 

1 


12639.13 


0.0 

21.24 


0.0 


3 

1 


6983.18 


0.0 

21.24 


0.0 


4 

1 


9167.60 


0.0 

21.24 


0.0 


5 

1 


7748.35 


0.0 

21.24 


0.0 


ft 

1 


0.0 


0.0 

0.0 


0.0 


5191 


0 

78. 73. 

4. 

0.016776 

29,89 

37.10 

0,071761 

O.OOU 

1 

1 


276690.13 


0.0 

59763.02 

204.00 


2 

1 


25719.92 


0.0 

585.91 


2.00 


3 

1 


15143.36 


0.0 

585.91 


2.00 


4 

1 


13579.34 


0.0 

585.91 


2,00 


5 

1 


11853.03 


0.0 

585.91 


2,00 


ft 

l 


0.0 


0.0 

O.U 


0.0 


5192 


0 

80. 74. 

4 . 

0.0167*3 

? 9.89 

37.58 

0.071496 

u.oou 

1 

1 


420518.63 

66 B 2 M • BP 

69645.00 

204.00 


2 

1 


35612.92 


222.75 

682.79 


2.00 


3 

1 


18235.54 


222.75 

682.79 


2.00 


4 

1 


16870.24 


222.75 

68? .79 


2 . OU 


5 

1 


14766.43 


222.75 

682,79 


2.00 


ft 

1 


0.0 


0,0 . 

O.o 


0.0 


5193 


0 

82. 74. 

4 . 

0.016748 

29.89 

36.06 

0,071234 

O.OOU 

1 

1 


520986.81 

66324 . 6 * 

77341.13 

204 , OU 


2 

1 


42092.56 


222.75 

756.25 


2.00 


3 

1 


20074.19 


222.75 

75 B .25 


2.00 


4 

1 


20072.11 


222.75 

756.25 


2.00 


5 

1 


1756 K 06 


222.75 

756.25 


2.00 



Figure 4.23 REPORT L9 (TYPICAL) 



4-55 


************************** ************ ********** ******* ********* 
* **************** 

* **************** 

* **************** 

* **************** 

* **************** 

* **************** 

* **************** 

* **************** 

* **************** 

* **************** 

**************************************************************** 






********** 

*************** 




********** 

******** ******* 




********** 

*************** 




********** 

*************** 




********** 

*************** 




********** 

*************** 





*************** 




********** 

*************** 




********** 

*************** 




********** 

*************** 




********** 

*************** 




********** 


************************** 
************************** 
************************** 
************************** 
************************** 
*********** *************** 
************************** 
************************** 
******** ****************** 
************************** 
**************** ********** 
************************** 


THE PRECEDING SHADOW PICTURE IS FOR 
WINDOW NUMBER 1 OF SPACE NUMBER 1 
AT 600 HOUR OF THE FIRST D*Y OF SEP. 

AREA OF THE WINDOW = 450.87 FT**2 

SHADED AREA OF THE WINDOW = 270.60 FT**2 


***************************************************************************** ******************************* ************ 
% ********** 

% ********** 

• *********** 

• *********** 

• ************ 

* ************* 

« ************** 

4 ****«*«*•»***» 

% *************** 

****************************************************** ft************************************************** r ************** 


THE PRECEDING SHADOW PICTURE IS FOR 
WINDOW NUMBER 1 OF SPACE NUMBER 1 
AT 800 HOUR OF THE FIRST DAY OF SEP. 

AREA OF THE WINDOW = 450.87 FT**2 

SHADED AREA OF THE WINDOW = 80.80 FT**2 


************************* *****.***************.***«***************•***♦************ ** **********.***** ********************* 
************************** *************** *********************************** t **************************** *************** 



THE PRECEDING SHAOOW PICTURE IS FOR 
WINDOW NUflSEN X OF SPACE NUPbER 1 
At 1200 HOUK OF THt FIRST OAT OF SEP. 

AREA OF THE WINDOW « ISO. AT FI**? 

SHADED AREA OF THE wlNDOtf * US. ST FT**? 


Figure 4.24 REPORT L10 (TYPICAL) 
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SUMMARY OF RECOMMENCED HEATING AND COOLING EXTRACTION RATES TO BE USED AS INPUT TO VARIABLE TEMPERATURE PROGRAM 


SPACE NO. 

heating extraction rate 

(BTU/HR) 

COOLING EXTRACTION RATE 
(BTU/HR) 

1 

-500389. 

861499. 

2 

-143732. 

45320. 

3 

-115744. 

35014. 

4 

-136271* 

54264. 

5 

-113510. 

38009. 

b 

0 . 

U. 


Figure 4.25 REPORT LIT (TYPICAL) 



4.4 EXAMPLE 

To Illustrate the use of the Thermal Load Analysis Program 
a complete study was performed on the 1244C Engineering offices 
(Figure 4.26) located at the NASA Langley Research Center. 

This structure Is actually a wing of the much larger Building 
1244 (Figure 4.26). Building 1244C Is a two-story office-type 
facility having a total of 4300 square feet of occupied area. 
Details for this building are summarized in Table 4.13. For 
the purposes of this study, the building was broken into 5 
spaces (Figure 4.27) with spaces 1 through 4 being office areas 
and space 5 being the mechanical room, entryway and stairwell. 
Figure 4.28 Illustrates how the building was broken Into: 

1. 18 delayed heat transfer surfaces 

2. 5 windows 

3. 6 Internal heat transfer surfaces 

4. 1 underground floor. 

Due to the orientation of the building and its location 
relative to Building 1244, two common shading surfaces were re- 
quired and are Indicated in Figure 4.26. For the sake of lllus 
tration, it was also assumed that window W1 had a setback of 6" 
and therefore necessitated that 3 added shading surfaces be 
defined for that window. Were it not for the shading problem, 
advantage could have been taken of repetitive surfaces thereby 
reducing the amount of input data. Neglecting of this effect 
would have meant that 

1 . surface D2 = surface D3 

2. surface D8 = surface D9 

3. surface D1 = surface D4 

4. surface D7 = surface DIO 

5. window W1 = window W2 

6. window W3 = window W4. 
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Having assimilated all of the above Information, the input 
data deck was prepared, a listing of which is shown in Figures 
4.29 to 4.33. Several handwritten comments have been added to 
this listing to indicate the structure of the data deck. The 
comments Indicated at the far right of each card represent 
one engineer's method of sequencing the cards. The complete 
set of output reports received after processing of the deck is 
shown In Appendix C. 
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Figure 4.26 PLAN AND ELEVATION OF 


BUILDING 






TABLE 4.13 


p<f.i;i aiwig3[i) nn«[ fjiaH8}: n ai03:i 


NAME: 

TYPE: 
LOCATION: 
FLOOR AREA: 
CEILING HT. : 
LIGHTING: 


OCCUPANCY: 

EQUIPMENT: 


WINDOWS: 
WALL TYPE 1 


WALL TYPE 2: 


ROOF: 


1244C Engineering Offices 

2-Story, Slab-on-Grade, Office Building 

Hampton, Virginia 

4300 sq. ft. Occupied 

10 ft. 

Recessed FI orescent Fixtures 

Office Area-3 Watts/sq. ft., 7am. -8pm. Weekdays, 
Otherwise 10% 

Mechanical Room-0.5 Watt/sq. ft., 7am. -8pm. Weekdays, 
Otherwise 10% 

60 People, 8am. -5pm. Weekdays Only 

Office Area-0.2 Watts/sq. ft., 7am. -8pm. Weekdays, 
Otherwise 10% 

Mechanical Room-0.5 Watts/sq. ft., 7am. -8pm. Weekdays, 
Otherwise 10% 

Mechanical Room-42,000 BtU/Hr. , 7am. -8pm., Weekdays, 
Otherwise 10% 

Single Pane, Clear Glass with Venitian Blinds 
Metal 

2" Insulation 
7V Air Space 

3/4" Gypsum Board and Plaster 

4" Face Brick 
2" Air Space 
6" Concrete Block 
3/4" Plaster 

Built-up Coating (Stone and Felt) 

Sheathing Board 
W Insulation 
Metal Pan 

5' Ceiling Air Space 
Acoustical Tile 








FIRST FLOOR SECOND FLOOR 


Figure 4.27 SCHEMATIC OF EXAMPLE BUILDING SHOWING 

COORDINATE SYSTEM, DIMENSIONS & SPACE NUMBERS 
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I 


OH 



INTEMIftl SWF ACES 

11 - BETWEEN SI I SS 

12 - * S2 E S5 

13 - * S3 1 SS 

M - ' S4 ft SS 

15 - " SI 1 S2 

It - " S3 ft SB 


Figure 4.28 IDENTIFICATION OF SURFACES INTO WHICH 

EXAMPLE BUILDING HAS BROKEN FOR ANALYSIS 
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FIGURE 4.29 - LOCAL PROGRAM CARD INPUT (EXAMPLE PAGE 1) 
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FIGURE 4.30 - LOCAL PROGRAM CARD INPUT (EXAMPLE PAGE 2) 
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FIGURE 4.31 - LOCAL PROGRAM CARD INPUT (EXAMPLE PAGE 3) 
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FIGURE 4-32 - LOCAL PROGRAM CARD INPUT (EXAMPLE PAGE 4) 
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FIGURE 4.33 - LOCAL PROGRAM CARD INPUT (EXAMPLE PAGE 5) 
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SECTION 5 

VARIABLE TEMPERATURE PROGRAM 


5 . 1 OBJECTIVE AND DESCRIPTIO N 

The space loads calculated by the Thermal Load Analysis Program 
described in Section 4 are determined on the basis of the following 
two assumptions: 

1. space heating and/or cooling is available any time it is 
■ required. 

' 2. space temperature is always maintained at its specified 

\ setpoint. 

In reality, however, the space temperature is not maintained at a 
constant, but rather varies from its setpoint from time to time due 
to: 

1. throttling range and deadband of thermostat 

2. undersized space heating and/or cooling capacity 

I 

| 3. shutdown of equipment during specified periods. 

| 

Ifithe user wishes to investigate the effects of the above items on 
bujlding performance and energy usage, he can do so with the use of 
th^ Variable Temperature Program. 

Utilizing such information as the type of thermostat, operating 
characteristics of thermostat, heating and cooling capacity avail- 
able to each space, and seasonal start-up/shutdown dates for the 
heating and cooling plant, the Variable Temperature Program corrects 
the basic loads calculated by the Thermal Load Analysis Program for 
these effects and generates a new output tape containing corrected 
hourly space loads. 

5.2 INPUT DATA 


The Variable Temperature Program requires two forms of input: 

1. the output tape generated by the Thermal Load Analysis 
Program and containing hourly weather and basic space loads 

2. the card input data described in Table 5.1. 

In attempting to simulate the effect of varying space temperature, 
all surfaces and objects having mass, and therefore thermal inertia, 
have their influence on the room's response to that effect. For this 
reason, the Variable Temperature Program requires the user to define 
some additional information that may not have been required by the 
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Table 5.1 


VARIABLE TEMPERATURE PROGRAM CARD INPUT INFORMATION 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COWENTS 

VT-1 

1 to 10 

Print Option 1 - Echo of Building 
Description Data 

BUG1 

- 

0 or 1 

0 - Do not print 

1 - Print 

1. 

Source of data Is Input tape- 


11 to 20 

Print Option 2 - Echo of Equipment 
Scheduling A Floor, Ceiling & 
Furnishing Data 

BUG2 

- 

0 or 1 

0 - Do not print 

1 - Print 

0. 

Suwaary of Inputs VT-3 through 
VT-1 5. 


21 to 30 

Print Option 3 - Echo of Space Input 
Data 

BUG3 

- 

0 or 1 

0 - Do not print 

1 - Print 

0. 

Sunrnry of Inputs VT-1 6 through 
VT-19. 


31 to 40 

Print Option 4 - Echo of Thermostat 
Schedules 

BUG5 

- 

0 or 1 

0 - Do not print 

1 - Print 

1. 

Suwnary of Input VT-20 through 
VT-22. 


41 to 50 

Print Option 5 - Surrmary of Internal 
H.T.S. Calculations 

BUG6 

- 

0 or 1 

0 - Do not print 

1 - Print 

o. 



51 to 60 

Print Option 6 - Sunniary of Space 
Response Factors 

BUG8 

- 

0 or 1 

0 - Do not print 

1 - Print 

1. 

Calculated internally by program. 

VT-2 

1 to 70 

Output Page Label 

NAME 

- 

- 

- 

Bldg. 1202 

Printed at top of output pages. 

VT-3 

1 to 10 

Number of Hourly Printout Periods 
Desired 

PO 

- 

0 to 12 

- 

2. 

If equal to 0.0, skip input VT-4. 


11 to 20 

Do you Desire to Schedule Operation 
of Chiller & Boiler 

BC 

- 

0 or 1 

0 No 

1 Yes 

i. 

If equal to 0.0, equipment 
operates year-round; skip Inputs 
VT-5 and VT-6. 

READING ORDER VT-4 SHOULD BE REPEATED "PO" TIHES. ! 

VT-4 

1 to 2 

Printout Start Date - Month 

MONS 

- 

01 to 12 

- 

08 

Use whole numbers with no 
decimal point and right- 
justified In each field. 

A 7" can be used In columns 
3. 6, 12 and 15. 


4 to 5 

* - Day 

1DAYS 

- 

01 to 31 

- 

01 


7 to 8 

" - Year 

IYRS 

- 

00 to 99 

- 

73 



10 to 11 

Printout End Date - Month 

MONE 

- 

01 to 12 

- 

08 

sane, one day of printout 
will be received. 


13 to 14 

" - Day 

1DAYE 

- 

01 to 31 

- 

15 



16 to >7 

" - Year 

IYRE 

- 

00 to 99 

- 

73 

e 
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Table 5.1 

VARIABLE TEMPERATURE PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

! 

COMMENTS 1 


READING 

)RDER VT-5 AND VT-6 ARE REQUIRED ONLY IF 11 

BC" EQUALS 1. 


VT-5 

1 to 2 

Boiler Turnoff Date - Month 

MONS 

: 

01 to 12 


04 

Use whole numbers with no 
decimal point and right- 
justified in each field. 


4 to 5 

■ - Day 

I DAYS 

- 

01 to 31 

- 

01 


7 to 8 

" - Year 

I YRS 

- 

00 to 99 

- 

73 

columns 3, 6. 12 and 15. 


10 to n 

Boiler Turnon Date - Month 

MONE 

- 

01 to 12 


10 

Turnon date should fall 
after turnoff date. 


13 to 14 

" - Day 

IDAYE 

- 

01 to 31 

- 

01 



16 to 17 

" - Year 

IYRE 


00 to 99 

- 

73 


VT-6 

1 to 2 

Chiller Turnon Date - Month 

MONS 

- 

01 to 12 

- 

. 04 

Use whole numbers with no 
decimal point and right- 
justified in each field. 


4 to 5 

" - Day 

I DAYS 

- 

01 to 31 

- 

01 


7 to 8 

" - Year 

I YRS 

- 

00 to 99 

- 

73 

Columns 3, 6, 12 and 15. 


10 to 11 

Chiller Turnoff Date - Month 

MONE 

- 

01 to 12 

- 

10 

Turnoff date should fall 
after turnon date. 


13 to 14 

" - Day 

IDAYE 

■ 

01 to 31 

- 

01 



16 to 17 

" - Year 

IYRE 

- 

00 to 99 

- 

73 


VT-7 

1 to 10 

Number of types of delayed 
floors in building 

DF 

- 

1 to 10 

- 

1. 

If equal to 0, program uses de- 
fault values; skip VT-8 & 9, 
go to VT-10. 

VT-8 

1 to 3 

Number of response factor terms 

IRFL 

- 



18 

To generate these data, 
use the Response Factor 
Program. See Section 2 
for instructions. 


4 to 23 

Common ratio 

CRFL 


- 


0.79701 

VT-9 

1 to 20 

X-Response Factor 

FLRX 

Btu/Hr- 

ft?-?F 

- 

‘ 

5.19960 


21 to 40 

Y-Response Factor 

FLRY 

" 

- 

’ 

0.00022 



41 to 60 

Z-Response Factor 

FLRZ 

" 

- 

- 

0.29215 
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Table 5.1 


VARIABLE TEMPERATURE PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 

VT-IO 

1 to 10 

Number of types of delayed ceilings 
in building 

DC 

- 

- 

- 

1. 

If equal to 0, program uses de- 
fault values; skip VT-11 1 12; 
go to VT-13. 

VT-11 

1 to 3 

Number of response factor terms 

IRC 

- 

- 

- 

18 

To generate these data, use 
the Response Factor Program. 

See Section 2 for Instructions. 

4 to 23 

Contnon ratio 

CRC 

- 

- 

- 

0.79701 

VT-12 

1 to 20 

X-Response Factor 

CRX 

w- 

- 

- 

5.19960 

21 to 40 

Y-Response Factor 

CRY 

• 

- 

- 

0.00022 

41 to 60 

Z-Response Factor 

CRZ 

" 

- 

- 

0.29215 

VT-13 

1 to 10 

Number of types of delayed 
furnishings in building 

DFU 

- 

- 

- 

1. 

If equal to 0, program uses 
value, enter In VT-16; skip 
VT-14 & 15; go to yT-16. 

VT-14 

1 to 3 

Number of response factor terms 

IRFU 

- 

- 

- 

18 

To generate these data, use 
the Response Factor Program. 

See Section 2 for Instructions. 

4 to 23 

Cannon ratio 

CRFU 

- 

- 

- 

0.79701 



X-Response Factor 

FURX 

s* / .nr 

- 

- 

5.19960 


Y-Response Factor 

FURY 

■i 

- 

- 

0.00022 


Z-Response Factor 

FURZ 

ii 

- 


0.29215 


READING 

JRDER VT-16 THROUGH VT-19 SHOULD BE REPEATED ONCE FOR EACH SPACE IN BUILDING. 


VT-76 

1 to 10 

Number of delayed floors in space 

F 

- 

0 to 10 

- 

0 . 


11 to 20 

Number of delayed ceilings in space 

C 

- 

0 to 10 

- 

0 . 


21 to 30 

Number of delayed furnishings in space 

FUR 

- 

0 or 1 

0 Let program generate 

1 User Input 

1. 


31 to 40 

Weight of furnishings 

WOFN 


|| 

- 

5. 

Must be defined if 
DFU equals 0. 
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VARIABLE TEMPERATURE PROGRAM CARD INPUT INFORMATION 
(CONTINUED) 


READING 

ORDER 

COLUMS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 


READING OR 

DER VT-17 SHOULD BE REPEATED "F" TIMES. 

IF "F" EQUALS 0, 

SKIP VT-17 AN 

GO TO VT-18. 


VT-17 

1 to 10 

Index of delayed floor 

FD 

- 

0 to OF 

- 

1. 


11 to 20 

Area of delayed floor 

AFLOR 



ft 2 

- 

- 

500. 

1 

READING ORDER VT-18 SHOULD BE REPEATED "C" TIMES. IF "C" EQUALS 0, SKIP VT-18 AND GO TO VT-19. 


VT-18 

1 to 10 

Index of delayed celling 

CD 

” 

0 to DC 

- 

i. 


11 to 20 

Area of delayed celling 

ACE1L 

ft 2 

- 


500. 

READING OROER VT-19 SHOULD BE REPEATED "FUR'’ TINES. IF "FUR" EQUALS 0. SKIP VT-19 AND GO TO VT-ZO. 

VT-19 

1 to 10 

Index of furnishings 

FND 


0 to DFU 


1. 


11 to 20 

Area of furnishings 

AFN 

ft 2 

- 

- 

100. 

VT-20 

1 to 10 

Number of different types of 
thermostat schedules 

DTS 

- 

1 to 5 

- 

1. 


A SET (24 IN ALL) OF READING ORDER VT-21 MUST BE REPEATED "DTS" TIICS. 

VT-21 

1 to 10 

Thermostat type 

VTSD 

- 

0. 1 or 2 

0 Float 

1 Linear 

2 HI-LOW limit 

1. 

Card VT-21 should be repeated 
24 times. First 12 describe 
thermostat action for 24 hours 
of a weekday (2 hours to each 
card). Second 12 describe 
thermostat action for 24 hours 
of weekend or holiday (2 hours 
to each card). 

See Table 5.1 for description 
of thermostats. 

11 to 20 

High limit of throttling range 

VTSD1 

°F 

- 

- 

77. 

21 to 30 

Low limit of throttling range 

VTSD2 

°F 

- 


73. 

31 to 40 

Thermustat type 

VTSD 

°F 

0, 1 or 2 

0 Float 

1 Linear 

2 HI-LOW limit 

2- 

41 to 50 

High limit of throttling range 

VTSD1 

°F 

- 

- 

85. 

51 to 60 

Low limit of throttling range 

VTSD2 

°F 


- 

65. 




Table 5.1 


VARIABLE TEMPERATURE PROGRAM CARD INPUT INFORMATION 

(CONTINUED) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 


READING 0 

RDER VT-22 SHOULD BE REPEATED ONCE FOR E 

ACH SPACE IN BUIL 

DING. 



VT-22 

| 

1 to 10 

Thermostat schedule type 

STT 

- 

0 to DTS 

- 

1 . 

If describing a conditioned 
space, fill In columns 1 
through 30 only. 

If describing a plenum space, 
fill In columns 31 through 
65 only. 

11 to 20 

Maximum heat addition rate- capacity 

HCAP 

Btu/Hr 

- 

Must be negative 

-60000. 

21 to 30 

Maximum heat extraction rdte “capacity 

CCAP 

Btu/Hr 

- 

Must be positive 

100000. 

1 

31 to 35 

Is space a return air plenum? 

PLS 


0, 1 

0 No 

1 Yes 

0 . 


36 to 40 

Space number below plenum 

vs 

- 

1 to NS 

- 

0 . 

41 to 45 

Amount of air returned through plenum 

CFM 

CFM 

- 

- 

0 . 

46 to 50 

Hour of weekday fan is turned on 

VON 

- 

0 to 24 

- 

0 . 

51 to 55 

Hour of weekday fan is turned off 

VOFF 


0 to 24 

- 

0 . 

56 to 60 

Hour of weekend day fan is turned on 

VON 

- 

0 to 24 

- 

0 . 


61 to 65 

Hour of weekend day fan is turned off 

VOFF 

- 

0 to 24 

- 

0. 








Thermal Load Analysis Program, i.e., the types of floors, ceilings 
and furnishings that are part of each space. If, however, the user 
desires not to go into this kind of detail, an alternative approach 
can be used, I.e., make use of typical default values built into the 
program. The default values set by the program are determined as 
follows: >- 

1. For floors, the default parameters are a function of the 
weight of floor {lbs per sq. ft.) which are specified in 
Table 4.3, Reading Order LC-57, and passed along to the 
Variable Temperature Program via the input tape. 

2. For ceilings, the default parameters are a function of the 
weight of ceiling (lbs per sq. ft.), which is assumed to 
be one-half of the weight of floor. 

3. For furnishings, the default parameters are a function of 
the weight of furnishings (lbs per sq. ft.), called for in 
Table 5.1, Reading Order VT-16. 

The more detailed solution requires that the make-up of the floors, 
ceilings and furnishings be known and use be made of the Response 
Factor Program (Section 2) to generate the response factors corres- 
ponding to each. 

5.3 OUTPUT REPORTS 


Results of the variable temperature analysis are summarized in a 
one-page report (Report VI) entitled "Summary of Variable Temperature 
Load Calculations". At the user's option, additional reports can be 
called for which echo input data and detail results for various 
phases of the analysis. The optional reports include: 


1 . Report V 2 

2. Report V3 

3. Report V4 

4. Report V5 

5. Report V6 

6. Report V7 

7. Report V8 


Hourly Summary of Results 

Echo of Building Description Data Read From 
Tape 

Echo of Floor, Ceiling and Furnishing Input 
Data 

Echo of Space Description Input Data 
Echo of Thermostat Scheduling Input Data 
Summary of Internal Surface Data and Calculation 
Summary of Calculated Space Response Factors 
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5.3.1 Report VI - Summary of Variable Temperature Load 
Calculations 


Report VI (Figure 5.1) enumerates for each building space the 
extreme loads and temperatures that occurred for the period of analy- 
sis. In particular, the data listed thereon includes: 

1. Space number. 

2. Maximum Heat Addition - will be either equal to or less than 
the quantity specified in Reading Order VT-22. 

3. Hour/Day/Month - time that maximum heat addition occurred. 

4. Maximum Heat Extracted - will be either equal to or less 
than the quantity specified in Reading Order VT-22. 

5. Hour/Day/Month - time that maximum heat extraction occurred. 

6. Lowest Space Temperature - lowest temperature that occurred 
in space during period of analysis. 

7. Hour/Day/Month - time that lowest space temperature occurred. 

8. Highest Space Temperature - highest temperature that occurred 
in space during period of analysis. 

9. Hour/Day/Month - time that highest space temperature occurred. 

To give the user an indication of the building's annual require- 
ment for heating and cooling, two additional items are listed at the 
bottom of the report: 

10. Total Building Heating - a summation over the year of the 
hourly space heat addition requirements. 

11. Total Building Cooling - a summation over the year of the 
hourly heat extraction requirements. 

NOTE: The total building heating and cooling requirements mentioned 
above exclude ventilation air loads. 

5.3.2 Report V2 - Hourly Summary of Results 

For each day called for by input VT-4, a report similar to 
that shown in Figure 5.2 will be printed summarizing hourly weather 
parameters and end-of-hour space conditions. Specific items listed 
are: 


1 . Weather 

a) Hour of day 
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b) DBT - ambient dry-bulb temperature, °F 

c) WBT - ambient wet-bulb temperature, °F 

d) SUN - 1 Indicates sundown; 

0 - 2 indicates sunup 

e) HOA - enthalpy of ambient air, Btu/lb 

f) PATM - barometric pressure, inches of mercury 

g) VEL - wind speed, mph 

h) CC - cloud cover, ranges from 0.0 to 1.0 

2. Space Parameters 

a) Space Number 

b) Space Temperature - resulting end-of-hour condition, °F 

c) High Temperature - number of degrees above setpoint 
temperature to upper limit of thermostat throttling 
range, °F 

d) Low Temperature - number of degrees below setpoint tem- 
perature to lower limit of thermostat throttling range, 
o F 

e) Temperature Correction - space temperature minus 
setpoint temperature, °F 

f) Heating Capacity - defined in Reading Order VT-22, 
Btu/hr 

g) Cooling Capacity - defined in Reading Order VT-22, 
Btu/hr 

h) System Load - heating (-) or cooling (+) supplied by 
HVAC system, Btu/hr 

i) Constant Temperature System Load - heating (-) or 
cooling (+) requirement established by Thermal Load 
Analysis Program, Btu/hr 

j) Thermostat Type - defined in Reading Order VT-21 

k) Schedule Type - defined in Reading Order VT-22. 

The user can request Report L2 for as many as 12 time periods, 
with each time period being one day or many days in length. 

5.3.3 Report V3 - Echo of Building Description Data 

Certain building description data is passed to the Variable 
Temperature Program via the input tape. If the user desires, a hard 
copy listing of that data can be obtained from the program by indi- 
cating such in Reading Order VT-1. The report produced may run 
several pages in length and is similar to that shown in Figure 5.3. 

5.3.4 Report V4 - Echo of Printout and Equipment Scheduling and 

Floor, Ceiling and Furnishing Input Data 

Report V4 (Figure 5.4) can be asked for via Reading Order VT-1 
also; it summarizes the dates for which Report V 2 is desired, the 
seasonal startup and shutdown dates for chiller and boiler (by date 
and hour of year, and input data supplied in Reading Order VT-7 
through VT-1 5 for floors, ceilings and furnishings. 
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***SUHMARY OF VAR13LE TEMPERATURE LOAD CALULATIONS*** 
LRC SYSTEMS ENGINEERING BUILOING 


♦******HE AT I NG* ******* ***** ***COOL I NG** ****** 


SPACE 

NO. 

MAX. HEAT 
ADDITION 
( B1U/HK ) 

HOUR/DAY/MO 

max. heat 
EXTRACTED 
(STU/HR) 

HOUR/DAT/MO 

1 

-422349. 

7/ 

4/ 

1 

781727, 

16/ 

2/ 7 

2 

-0454b, 

7/ 

4/ 

1 

37410. 

7/ 

2/ 6 

3 

-69535. 

7/ 

4/ 

1 

28594. 

7/ 

2/ 6 

4 

-b0411. 

7/ 

4/ 

1 

35203. 

7/ 

2/ 6 

5 

-67267. 

7/ 

4/ 

1 

30003. 

7/ 

2/ 6 

6 

0 . 

1/ 

3/ 

1 

0 . 

1/ 

3/ 1 


•♦♦LOWEST SPACE TEMP.*** ***HIGHEST SPACE TEMP.*** 


TEMP. 

(FT 

HOUR/DAY/nO 

temp. 

(FT 

HOUR/DAY/HO 

65.0 

22/ 

7/ 

1 

79,8 

20/ 

2/ 7 

52.9 

7/ 

5/ 

1 

62,5 

17/ 

7/ 7 

53.6 

7/ 

5/ 

1 

60.9 

16/ 

7/ 7 

52.9 

7/ 

5/ 

1 

63.1 

16/ 

1/ 6 

55.4 

7/ 

5/ 

1 

61,4 

16/ 

7/ 7 

85.0 

1/ 

3/ 

1 

65.0 

1/ 

3/ 1 


TOTAL BUILDING heat extractions and additions 
HEATING= -30BB10723. 

COOLINGS 1041576949. 


Figure 5.1 REPORT VI (Typical) 
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OATE= 1/15 

SPACE 

SPACE 

WISH 

LOW 

TEMP. 

heating 

COOLING 

SYSTEM 

constant temp. 

THERMOSTAT 

SCHEDULE 


NO. 

TEMP. 

TEMP. 

TEMP. 

CORR. 

CAPACITY 

capacity 

LOAD 

SYSTEM LOAD 

TYPE 

TYPE 


HOUR 

OF 

DAY = 

1 

DBT = 

-9 

WBT = 

-9 

SUN= 1 

HOA= 

-1.9 PATHS 

29.72 

VEL= 

11.0 CC« 

0.724 






1 

69,1 

10.0 

-10.0 

-5.91 

422349. 

895829. 

0 . 


•421189. 

2 

1 





2 

63.5 

10.0 

- 10. 0 

-11.52 

84546. 

37410. 

-84546. 


•118811. 

2 

1 





3 

63.0 

10.0 

-10.0 

-11.97 

68535. 

28594. 

•68535. 


•95900, 

2 

1 





4 

b2.7 

10.0 

-10.0 

-12.27 

80411. 

35203. 

-60411. 


•112715. 

2 

1 





5 

64.2 

10.0 

-10.0 

-10. S3 

67267. 

30003. 

-67267. 


-93708. 

2 

1 





6 

85.0 

0.0 

-20.0 

0.0 

0 . 

0 . 

0 . 


0. 

2 

1 

HOUR 

OF 

DAY= 

2 

DBT = 

-B 

WBT = 

-9 

SUN= 1 

HOA = 

-1.7 PATM= 

29.73 

VEL= 

10.0 CCs 

0.724 






1 

63. 4 

10.0 

-10.0 

-6.59 

422349. 

895829. 

0 . 


•439883, 

2 

1 





2 

63.2 

10.0 

-10.0 

-11.77 

84546. 

37410. 

-84546, 


-118321. 

2 

1 





3 

62.6 

10.0 

-10.0 

-12.17 

68535. 

28594. 

-68535., 


•95518, 

2 

1 





4 

62.5 

10.0 

-10.0 

-12.97 

60411. 

35203. 

-00411. 


-112242, 

2 

1 





5 

64.0 

10.0 

-10.0 

-11.05 

67267. 

30003, 

-67267. 


•93588, 

2 

1 





6 

85.0 

0.0 

-20.0 

0.0 

0 . 

0 . 

0 . 


0 . 

2 

1 

HOUR 

OF 

DAY= 

3 

DBT = 

-9 

W0T=- 

10 

SUN= 1 

HOA = 

-1.9 PATH= 

29.76 

VELs 

10.0 CCS 

0.724 






1 

67.8 

10.0 

-10,0 

-7.23 

422349. 

895629. 

0 . 


•433323, 

2 

1 





2 

63.0 

10.0 

-10,0 

-12.04 

84546. 

37410. 

-84546. 


-119437. 

2 

1 





3 

62.6 

10.0 

-10.0 

-12.38 

68535. 

28594. 

-60535. 


.96369. 

2 

1 





4 

o2 • 3 

10.0 

-10.0 

-12.69 

80411. 

35203. 

-80411. 


•113246, 

2 

1 





5 

63.7 

10.0 

-10.0 

-11.29 

67267. 

30003. 

-67267. 


.94665. 

2 

1 





6 

85.0 

0.0 

-20.0 

0.0 

0 . 

0 . 

0 . 


0. 

2 

1 

HOUR 

OF 

DA Y = 

A 

OBT = 

-10 

WBT = - 

10 

SUN= 1 

HOA = 

-2.1 PATM= 

29.78 

V£L= 

9.0 CCs 

0.724 






1 

67.2 

10,0 

-10.0 

-7.82 

422349. 

895829. 

0 . 


•464116, 

2 

1 





2 

62.7 

10.0 

-10.0 

-12.28 

84546. 

37410. 

-84546. 


-119629. 

2 

1 





3 

b2 • 4 

10.0 

-10.0 

-12.57 

68535. 

28594. 

-66535. 


.96522. 

2 

1 





4 

b2.1 

10,0 

-10.0 

-12.88 

80411. 

35203. 

-80411. 


.113416. 

2 

1 





5 

63.5 

10.0 

-10.0 

-11.51 

67267. 

30004. 

-67267, 


-95010. 

2 

1 





6 

35. 0 

0.0 

-20.0 

0.0 

0 . 

D. 

0 . 


0 . 

2 

1 

HOUR 

OF 

DAY = 

5 

L)BT = 

-11 

WBT = - 

11 

SUN= 1 

HOAs 

-2.4 PATHS 

29.78 

VELs 

7.0 CC= 

0.724 






1 

66.6 

10.0 

-10.0 

-8,38 

422349. 

895829. 

0 . 


-473562, 

2 

1 





2 

62.6 

10.0 

-10.0 

-12.40 

84546. 

37410. 

-84546. 


“118135, 

2 

1 





3 

62.3 

1Q.0 

-10,0 

-12.65 

68535. 

28594. 

-68535. 


“95387. 

2 

1 





4 

62.0 

10.0 

-10.0 

-12,97 

80411. 

35203. 

-00411. 


“112052. 

2 

1 





5 

63.4 

10,0 

-10.0 

-11.63 

67267. 

30003. 

-67267. 


•94041. 

2 

1 





6 

85. 0 

0.0 

-20.0 

0.0 

0 . 

0 . 

0. 


0 . 

2 

1 

HOUR 

OF 

DAY= 

b 

UBT = 

-11 

W8 T = -l 1 

SUN= 1 

HOA = 

-2.4 PATH= 

29.76 

VEL= 

6.0 CC= 

0.724 






1 

b 6 . 1 

10.0 

-10.0 

-8,90 

422349. 

895829. 

0, 


-481983. 

2 

1 





2 

62.6 

10.0 

-10.0 

-12,44 

84546. 

37410. 

-84546. 


•116604, 

2 

1 





3 

62.3 

10.0 

-10.0 

-12.68 

68535. 

28594. 

-68535. 


-94229. 

2 

1 





4 

62.0 

10.0 

-10.0 

-12,98 

80411. 

35203. 

-80411, 


•110661. 

2 

1 





5 

63.3 

10,0 

-10.0 

-11.70 

67267. 

30003. 

-67267, 


•93028, 

2 

1 





6 

bb.O 

0.0 

-20.0 

0.0 

0 . 

0 . 

0 , 


0 . 

2 

1 

HOUR 

OF 

DAY= 

7 

UfiTs 

-11 

wfir=-ii 

SUN= 1 

HOA = 

-2.4 PATHS 

29,79 

VEL= 

5.0 CCs 

0.724 






1 

o3,l 

2.0 

-2.0 

-5.91 

422349. 

895829. 

-422349. 


•236032. 

1 

1 





2 

62.7 

2.0 

-2.0 

-12.27 

84546. 

37410. 

-84546, 


-112185. 

1 

1 





3 

62.5 

2.0 

-2.0 

-12.49 

68535. 

28594. 

-68535, 


-90280. 

1 

1 





4 

62.2 

2.0 

-2.0 

-12.81 

80411. 

35203. 

-80411. 


-106420. 

1 

1 





5 

63.4 

2.0 

-2.0 

-11.56 

67267. 

30003. 

-67267. 


“89206. 

1 

1 





b 

85.0 

-6,0 

-12.0 

0.0 

0 . 

0 . 

0 . 


0 . 

1 

1 


Figure 5.2 REPORT V2 (Typical) 
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*«*IBU61:1**» 




10tNl= LKC SYSTEMS ENGINEERING 

10EN2= HAMPTON. VIRGINIA 

I 0EN3=R. JENSEN 
IDEN4=SZ. 4«l« 3IN 
IDEN5=N0V 26. 1973 


NRF= 2 


RESPONCE FACTOR INDEXz 

1 NRF T = 30 

RATIOrO. 870676 

5.223269 

0.000000 

5,223269 

-3,110390 

0.000074 

-3,110390 

-0.582690 

0.001356 

-0.562690 

-C. 326862 

0.004783 

-0.326682 

-0,216421 

0.008151 

-0.216421 

-0.154776 

0.010043 

-0.154-776 

-0.116290 

0.010613 

-0.116290 

-0.090706 

0.010364 

-0.090706 

-0,072871 

0.009685 

-0.072871 

-0.059897 

0.008819 

-0.059897 

-0 .050082 

0.007905 

-0.050082 

-0.042399 

0.007014 

-U. 042399 

-0 . 056213 

0.006184 

-0.036213 

-0.031119 

0.005429 

-0.031119 

-0.026856 

0.004753 

-0.026856 

-0.023243 

0.004154 

•0.023243 

-U.02U156 

0.003625 

-0.020156 

-0.017502 

0.003162 

-0.017502 

-0.015211 

0.002756 

-0.015211 

-0.013228 

0,002401 

-0.013228 

-0,011508 

0.002092 

-0.0115UB 

-0.010014 

0.001822 

-0.010014 

-0.008716 

0.001587 

-0.008716 

-0.007587 

0.001382 

-0.007587 

-0.006604 

0,001203 

-0.006604 

-0.005750 

0.001048 

-0.005750 

-0,005006 

0.000912 

-0.005006 

-0 .004358 

0.000794 

-0.004358 

-0.003794 

0.000691 

-0.003794 

-0.003304 

0.000602 

-0.003304 


KESPONCE FACTOR INDEXz 

2 NRFTr 8 

RATI0=0. 393645 

0.292150 

0.006481 

0.292150 

-0.161527 

0.037336 

-0.161527 

-0.028397 

0.024276 

-0.026397 

-IU01U872 

0.009824 

-0.010872 

-0.004274 

0.003872 

-0.004274 

-0.001662 

0.001524 

-0.001682 

-0.000662 

0.000600 

-0.000662 

-0,000261 

0.000236 

-0.000261 


NDB= 17 

SURFACE 

1NDEX- 

1 

RESPONCE 

FACTOR 

TYPE = 

1 

APEA AO= 

1660.00 

SURFACE 

INDEX= 

2 

RESPONCE 

FACTOR 

TYPEz 

1 

AREA AO: 

22.00 

SURFACE 

INDEXz 

3 

RESPONCE 

FACTOR 

TYPEz 

1 

AREA AO: 

68.00 

SURFACE 

INDEXz 

4 

RESPONCE 

factor 

TYPEz 

1 

AREA AO: 

1470.00 

surface 

1NDE*= 

5 

RESPONCE 

FACTOR 

TYpEs 

1 

AREA AO: 

22.00 

SURFACE 

1NDEX= 

6 

RESPONCE 

FACTOR 

TYPEz 

1 

AREA AD: 

86.00 


Figure 5.3 REPORT V3 (Typical) 



***J8UG2=1*** 


PRINTOUT UPTI0N= 2 hO I LER "CHILLER START-STOP OPTlON=l 

PRINT START l)ATE = 1/15/Ob PRINT STOP DATE = 1/15/66 

PRINT START _)A f L= 8/15/bb PRINT STOP DATE= 8/15/06 

BOILER SPRING OFF UATE= 4/ 1/66 [TOILER FALL ON DATE = 9/ 1/66 

CHILLER SPRING ON DATF= 4/ 1/66 CHILLER FALL OFF DATE= 9/ 1/66 


********** ******* ********************************************** ***************** 


SYSTEM SI Mi 

JLATIOIM 

INPUT 

DATA 

. • 



5833 

BON 

- HOUR 

OF 

SEASONAL 

BOILER 

start-up. 

21 6 1 

30FF 

- HOUR 

OF 

SEASONAL 

BOILER 

SHUT-DOWN. 

21(1 

con 

- HOUR 

OF 

SEASONAL 

CHILLER 

START-UP. 

5833 

COFF 

- HOUR 

OF 

SEASONAL 

CHILLER 

SHUT-DOWN 


******** ***♦**** + *** ***************** **************************,* **************** 


NO. OF DtlAYEu FLOOR TYPES Nf)F = 0 

NO. OF ULLnYtO CLUING TYPES N[>C= 0 

NO. OF DELAYED FURNISHING TYPES fJUFU= 0 


Figure 5.4 REPORT V4 (Typical) 
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***IBU63*1*** 


NO. OF SPACES NS* 6 


r? *■ 

•*r 

SPACE INDEX* I NO. OF DELAYED FLOORS NFs 0 NO. DELAYED CEILINGS NC* 0 NO. OF FURNISHINGS NFUR* .0 

HEIGHT OF FURNISHINGS* 1.0 


SPACE INDEX* 2 NO. OF DELAYED FLOORS NF = 0 NO. DELAYED CEILINGS NC* 0 NO. OF FURNISHINGS NFUR* 0 

HEIGHT OF FURNISHINGS* 1.0 


SPACE INDEX* 3 NO. OF DELAYED FLOORS NFs 0 NO, DELAYED CEILINGS NC* 0 NO. OF FURNISHINGS NFUR* 0 

HEIGHT OF FURNISHINGS* 1.0 


SPACE INDEX* 4 NO. OF DELAYED FLOORS NFs 0 NO. DELAYED CEILINGS NCs 0 NO. OF FURNISHINGS NFUR* 0 

HEIGHT OF FURNISHINGS* 1.0 


SPACE INDEX* 5 NO. OF DELAYED FLOORS NF= 0 NO. DELAYED CEILINGS NC* 0 NO, OF FURNISHINGS NFUR* 0 

HEIGHT OF FURNISHINGS* 1.0 


SPACE INDEX* b NO. OF DELAYED FLOORS NF= 0 NO. DELAYED CEILIN6S NC* 0 NO. OF FURNISHINGS NFURs 0 

HEIGHT OF FURNISHINGS* 0.0 


Figure 5.5 REPORT V5 (Typical) 
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***IBUG5=1*** NO. OF DIFFERENT SCHEDULES: 1 


SCHU. TYPL 0«Y TYPE HOUR OF DAY 

THERM TYPE 

HI LIMIT 

LOW LIMIT 

set POINT 

1 WEEKOAY 





1 

2 

85.0 

65.0 

75.0 

2 

2 

85.0 

65.0 

75*0 

3 

2 

85.0 

65.0 

75.0 

A 

2 

85,0 

65,0 

75.0 

5 

2 

85.0 

65.0 

75.0 

6 

2 

85.0 

65.0 

75.0 

7 

1 

77.0 

73.0 

75.0 

S 

1 

77.0 

73.0 

75.0 

9 

1 

77.0 

73.0 

75.0 

10 

1 

77.0 

73.0 

75.0 

11 

1 

77,0 

73.0 

75.0 

12 

1 

77.0 

73.0 

75.0 

13 

1 

77.0 

73.0 

75.0 

19 

1 

77.0 

73.0 

75.0 

15 

1 

77,0 

73.0 

75.0 

16 

1 

77.0 

73.0 

75.0 

17 

1 

77.0 

73.0 

75.0 

IS 

2 

85.0 

65.0 

75.0 

19 

2 

85.0 

65.0 

75.0 

20 

2 

85.0 

65.0 

75.0 

21 

2 

85.0 

65.0 

75.0 

22 

2 

85.0 

65.0 

75.0 

23 

2 

85.0 

65.0 

73.0 

29 

2 

85.0 

65.0 

75.0 

1 SAT . /SUN./HOL. 





1 

2 

85.0 

65.0 

73.0 

2 

2 

85.0 

65.0 

75.0 

3 

2 

85.0 

65.0 

75.0 

9 

2 

85.0 

65.0 

73.0 

5 

2 

85.0 

65.0 

75.0 

6 

2 

85.0 

65.0 

75.0 

7 

2 

85.0 

65.0 

75.0 

8 

2 

85.0 

65.0 

73.0 

9 

2 

85.0 

65.0 

73.0 

10 

2 

85.0 

65.0 

73.0 

11 

2 

85,0 

65.0 

73.0 

12 

2 

85.0 

65.0 

73.0 

13 

2 

85.0 

65.0 

73.0 

19 

2 

85.0 

65.0 

75.0 

15 

2 

85.0 

65.0 

73.0 

16 

2 

85.0 

65.0 

73.0 

17 

2 

85.0 

65.0 

73.0 

18 

2 

85.0 

65.0 

75.0 

19 

2 

85.0 

65.0 

73.0 

20 

2 

85.0 

65.0 

75.0 

21 

2 

85.0 

65.0 

73.0 

22 

2 

85.0 

65.0 

75.0 

23 

2 

85.0 

65.0 

73.0 

29 

2 

85.0 

65.0 

73.0 


SPACE INDEX 

thermostat type 

HFATING CAPACITY 

COOLING CAPACITY 

PLENUM 

OVER SPACE 

CFH 


SCHEDULES 

1 

1 

-922399. 

895829. 

0 

0 

0. 

0 

0 

0 

2 

1 

-89596. 

37910. 

0 

0 

0. 

0 

u 

u 

3 

1 

-68535. 

28599. 

0 

0 

0. 

0 

0 

a 

H 

1 

-80911. 

35203. 

U 

0 

0. 

0 

u 

u 


1 

-67267. 

30003. 

0 

0 

0. 

u 

a 

u 

b 

i 

0 . 

0. 

0 

0 

0. 

0 

u 

0 


Figure 5.6 REPORT V6 (Typical) 
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*«*IQUG6=1*** 


SPaCE* 

1 

NO. 

OF 

internal 

HEAT 

transfer 

SPACE* 

2 

NO. 

OF 

INTERNAL 

HEAT 

transfer 

SPACE* 

3 

NO. 

OF 

internal 

heat 

transfer 

SPACE* 

4 

NO. 

OF 

INTERNAL 

heat 

transfer 

SPACE* 

b 

NO. 

OF 

internal 

heat 

transfer 

SPACE* 

6 

NO. 

OF 

internal 

heat 

TRANSFER 


SURFACES* 1 SIHTCms 728. 

SURFACES* 0 

SURFACES* 0 

SURFACES* 0 

SURFACES* 0 

SURFACES* 0 


Figure 5.7 REPORT V 7 (Typical) 
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•••IBUGSal*** 


FINAL SPACE RESPONSE FACTORS FOR SPACE* 1 


-193398.2500 

230321.2500 

-97098.8398 

•1295.9922 

-291.2817 

•89.9953 

-95.1821 

-19.9960 

-6.1973 

0.0002 


FINAL SPACE RESPONSE FACTORS FOR SPACE* 2 


-20560.8938 

30025.5969 

-8276.9219 

-701.3998 

•271.9626 

•136.7991 

-76.1282 

-93.8718 

-25.5769 

-19.9590 

-8.7992 

-5.0997 

-2.9979 

-1.6875 

-0.9995 

-0.5185 

-0.2689 

-0.1251 

-0.0993 

0,0000 


FINAL SPACE RESPONSE FACTORS FOR SPACE* 3 


•18623.9992 

27197.7739 

-7996.5586 

-639.9932 

-296.9197 

-129.9336 

-69.9050 

-90.0513 

-23.3769 

•13.6886 

-8.0196 

•9.6729 

-2.7069 

-1.5519 

•0.8790 

-0.9779 

•0.2981 


Figure 5.8 REPORT V8 (Typical) 



5.3.5 Report V5 - Echo of Space Description Input Data 

Report V5 (Figure 5.5) enumerates the Input data supplied with 
Reading Order VT-16 through VT-19. 

5.3.6 Report V6 - Echo of Thermostat Scheduling Input Data 

Data entered using Reading Orders VT-20, 21 and 22 is echoed 
back in Report V6 if asked for in Reading Order VT-1. See Figure 5.6 
for example of Report V6. 

5.3.7 Report V7 - Summary of Internal Surface Data and Calculations 

Report V7 summarizes the number of internal heat transfer 
surfaces in each space as well as the product of the surface area 
and U-factor. See Figure 5.7 for example of Report V7. 

5.3.8 Report V8 - Summary of Calculated Space Response Factors 

Internally within the Variable Temperature Program, all sur- 
face response characteristics are combined and a set of response 
factors for the space calculated. Report V8 (Figure 5.8) summarizes 
these calculated space response factors. For a more in-depth ex- 
planation of how this is accomplished, refer to Volume II, Engineer- 
ing Manual, Section 5. 

5.4 EXAMPLE 


To demonstrate the use of the Variable Temperature Program on the 
example building defined in Section 4, the following characteristics 
will be assumed: 

1. No additional delayed floors or ceilings will be used; 
instead, use will be made of default parameters built 
into program. 

2. Weight of furnishing is 5 lbs per sq. ft. for office areas 
and 50 lbs per sq. ft. for equipment room. 

3. During daylight hours (6 A.M. to 8 P.M.), a type 1 thermo- 
stat is used with + 2°F throttling range. During other 
hours, thermostats switch to a type 2 action with a +. 10°F 
throttling range. In equipment room, a type 2 thermostat 
with + 10°F throttling range Is used. 

4. Chiller will be scheduled for use from 4/15 through 9/15. 
Boiler will be scheduled for use from 9/1 through 5/1. 

5. Printouts are desired for: 

a) 1/15 to 1/21 

b) 8/15 to 8/21 


5-19 


6. Space heating and cooling capacities are: 


Space Heating Cooling 


1 

2 

3 

4 

5 


60.000 Btu/hr 

60,000 

70.000 

70.000 

40.000 


50,000 Btu/hr 

50.000 

60.000 
60,000 
60,000 


Using this information, the input data displayed in Fiqure 5.9 
was prepared. 
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1. 

0. 

0. 

1. 

0. 

0. 

VT-1 

1244C ENGINEERING 

OFFICES 




VT-2 

2. 

1. 





VT-3 

01/15/66 

01/21/66 





VT-4 

08/15/66 

08/21/66 





VT-4 

04/15/66 

09/15/66 





VT-b 

05/01/66 

09/01/66 





VT-6 

0. 






VY-7 

0. 






VT-10 

0. 






VT-13 

0. 

0. 

0. 

5. 



VT-16 

0. 

0. 

0. 

5. 



VT-16 

0. 

0. 

U. 

5. 



VT-16 

0. 

0. 

0. 

5 • 



VT-16 

0. 

0. 

0. 

50. 



VT-16 

2. 






VT -20 

2 . 

85. 

65. 

2. 

8b. 

65. 

VT -21 

2. 

85. 

65 . 

2. 

8b. 

6b. 

VT -21 

2 . 

85. 

6b. 

1. 

77. 

73. 

VT -21 

1. 

77. 

73. 

1. 

77. 

73. 

VT-21 

1. 

77. 

73. 

1. 

77. 

73. 

VT-21 

1. 

77. 

73. 

1. 

77. 

73. 

VT-21 

1. 

77. 

73. 

1. 

77. 

73. 

VT-21 

1. 

77. 

73. 

I. 

77. 

73. 

VT-21 

1. 

77. 

73. 

1. 

77. 

73. 

VT-21 

1. 

77. 

73. 

1. 

77. 

73. 

VT-21 

2. 

65. 

65. 

2. 

85. 

6b, 

VT-21 

2. 

85. 

65. 

2. 

85. 

65. 

VT-21 

2, 

85. 

65. 

2. 

eb. 

65, 

VT -21 

2. 

85. 

6b. 

2. 

85. 

65. 

VT-21 

2 . 

65. 

65. 

2. 

85. 

65. 

VT-21 

2. 

85. 

65. 

2. 

8 b. 

65. 

VT-21 

2. 

85. 

6b. 

2. 

85. 

65. 

VT-21 

2. 

85. 

65. 

2. 

85. 

65, 

VT-21 

2. 

8b. 

65 . 

2. 

85. 

65. 

VT-21 

2. 

85. 

65. 

2. 

85. 

65. 

VT-21 

2. 

85. 

65. 

2. 

85. 

65. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65. 

VT-21 

2., 

65. 

65. 

2. 

8b. 

6b. 

VT-21 

2. 

85. 

65. 

2. 

8b. 

65. 

VT-21 


Figure 5.9 VARIABLE TEMPERATURE PROGRAM CARD INPUT DATA FOR EXAMPLE BUILDING 
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2. 

6b. 

65. 

2. 

85. 

65. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65. 

VT-21 

2. 

85. 

65. 

2. 

85. 

65. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65. 

VT -21 

2. 

85. 

65. 

2, 

85. 

6b. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65, 

VT-21 

2. 

65. 

65 • 

2. 

85. 

65. 

VT-21 

2. 

6b. 

65. 

2. 

85. 

65. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65. 

VT-21 

2. 

85. 

65. 

2. 

85. 

65. 

VT-21 

2. 

85. 

bb • 

2. 

85. 

65. 

VT-21 

2. 

65. 

65 . 

2. 

85. 

65. 

VT-21 

2. 

85. 

65. 

2. 

65. 

65. 

VT-21 

2. 

65. 

65. 

2. 

85. 

65. 

VT-21 

2. 

65, 

65 . 

2. 

65 . 

65. 

VT-21 

2* 

85. 

65, 

2. 

85. 

65. 

VT-21 

2. 

85. 

65. 

2. 

85. 

65. 

VT-21 

2. 

85, 

bb . 

2. 

85, 

65. 

VT-21 

2. 

65 , 

65. 

2. 

85 . 

65. 

VT-21 

2. 

85. 

b5 . 

2. 

8b. 

65. 

VT-21 

2. 

85. 

65. 

2. 

85. 

65. 

VT-21 

1. 

-60000. 

50000 • 




VT-22 

1. 

-60000, 

50000. 




VT-22 

1. 

-70000. 

60000. 




VT-22 

1. 

-70000. 

6 0 0 0 0 . 




VT-22 

2. 

-40000 , 

60000. 




VT-22 


Figure 5.9 VAIABLE TEMPERATURE PROGRAM CARD INPUT DATA FOR EXAMPLE BUILDING (Continued) 


SECTION 6 

SYSTEMS AND EQUIPMENT SIMULATION PROGRAM 
6.1 OBJECTIVE AND DESCRIPTION 


The hourly space loads calculated by the Thermal Load Analysis 
and Variable Temperature Programs are not necessarily the loads 
that are seen by the heating and cooling plant. Due to ventilation 
air requirements, equipment operating schedules, and inefficiencies 
caused by control schedules, the building's hourly heating and/or 
cooling requirement will be different from the summation of the 
hourly space transmission and internal loads. The purpose of the 
Systems and Equipment Simulation Program is therefore three- fold 
(see Figure 6.1). 

1. Based upon peak heating and cooling requirements, size all 
energy-consuming equipment. 

2. Simulate each distribution system as it responds to space 
thermal requirement and determine the requirement it is 
placing upon the central heating and cooling plant. 

3. Based upon part-load operating characteristics of all energy- 
consuming equipment, determine the building's hourly, monthly 
and annual demand for all forms of energy and fuel. 

The thirteen (13) types of distribution systems that the program 
is capable of analyzing are listed in Table 6.1. Schematic dia- 
grams along with brief explanations of operation are illustrated 
in Figures 6.2 through 6.14. The types of central heating and 
cooling plants available for use are shown in Table 6.2. 

TABLE 6.1 

ENERGY DISTRIBUTION SYSTEMS SIMULATED 


SYSTEM 

NUMBER 

SYMBOL 

DESCRIPTION 

1 

SZFB 

Single Zone Fan System with Face and By-pass Dampers 

2 

MZS 

Multi -Zone Fan System 

3 

DDS 

Dual Duct Fan System 

4 

SZRH 

Single Zone Fan System with Sub-Zone Reheat 

5 

UVT 

Unit Ventilator 

6 

UHT 

Unit Heater 

7 

FPH 

Floor Panel Heating 

8 

2PFC 

Two-pipe Fancoil System 

9 

4PFC 

Four-pipe Fancoil System 

10 

2PIU 

Two-pipe Induction Unit Fan System 

11 

4PIU 

Four-p*1pe Induction Unit Fan System 

12 

VAVS 

Variable Volume Fan System with Optional Reheat 

13 

RHFS 

Constant Volume Reheat Fan System 
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Figure 6.1 SYSTEM & EQUIPMENT SIMULATION PROGRAM 
MACRO FLOW DIAGRAM 


6-2 








TABLE 6.2 

ENERGY CONVERSION SYSTEMS 


TYPE 

SOURCE OF ENERGY 

COOLING PLANTS 


1. Hermetic Reciprocating 

Electricity 

2. Hermetic Centrifugal 

Electricity 

3. Open Centrifugal 

Electricity 

4. Steam Absorption 

Gas-fired Steam Boiler 
Oil-fired Steam Boiler 
Purchased Steam 

5. Open Centrifugal with 
Steam Turbine 

Purchased Steam 

HEATING PLANTS 


1. Hot Water or Steam 

Gas 

Oil 

Electric 
Purchased Steam 

GENERATING PLANTS 


1. Engine-Generator 

Natural Gas 


Diesel Fuel 
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6.2 DESCRIPTION OF ENERGY DISTRIBUTION SYSTEMS 


DISTRIBUTION SYSTEM NO. 1 

SINGLE ZONE FAN SYSTEM WITH FACE AND BY-PASS DAMPERS 


This fan system consists basically of a draw-thru air handler 
having heating and cooling colls In series with a by-pass section 
around the cooling colls In the air handler. Humidification Is 
provided at the unit. The dry-bulb temperature of air leaving the 
unit Is controlled by a thermostat In the first space served by this 
fan system. The system is- designed primarily to serve one zone. If 
It Is used to condition several zones, the first zone controls air 
handler discharge temperature and other zones' air may be reheated 
as required. Baseboard heating may also be included as a supple- 
mental heat source. 

DISTRIBUTION SYSTEM NO. 2 
MULTI-ZONE FAN SYSTEM 


The components of the multi-zone fan system Include a mixed air 
section, preheat coil, blow-thru fan section, heating and cooling 
colls In parallel, and a humidifier. Hot and cold air streams are 
mixed as required at the unit. The specific functioning and options 
of this fan system are as follows: 

• Optional return air fan simulation 

• Humidifier 

• Three outside air/ return air options with the economizer 
attempting to equal the required cold deck temperature 

• Baseboard heating as supplement heat to each zone 

• Preheat coil. This will function to raise the mixed air 
dry-bulb temperature to a value defined by the user 
(default value = 40°F) 

• Temperature control options: 

1) Fixed settings for both hot and cold decks 

2) Fixed cold deck temperature but allowing hot deck 
temperature to vary Inversely with outside air 
temperature 

3) Reset temperature control as governed by spaces. 

Control for this mode consists of setting the 
hot deck leaving air temperature equal to that of 
air supplied to the space requiring the warmest air. 

The cold deck leaving air temperature Is set equal 
to the temperature of air supplied to the space 
requiring the coolest air. 

DISTRIBUTION SYSTEM NO. 3 
DUAL DUCT FAN SYSTEM 


The components, operating characteristics, and options of the dual 
duct system are similar to those of the multi -zone system described 
above. The difference between the two systems is that hot and cold 
air mixing takes place In a mixing box usually located near the 
zone It serves and is not part of the air handling unit. 
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DISTRIBUTION SYSTEM NO. 4 

SINGLE ZONE FAN SYSTEM WITH SUB-ZONE REHEAT 


This fan system is designed to serve a large centri 
requiring cooling the entire year and sub-zones whicl 
reheating. Primary air temperature is controlled by 
of the central zone. During the winter and intermed 
the primary air is colder than that required for the 
Sub-zone all air induction boxes therefore open to m 
• with primary air. The induction boxes are designed : 

I 50% inducted air can be mixed with primary air. If 

| of primary air is required, the reheat coil is activi 

$ 

& 

Elements and operating characteristics of this fan 
e Optional return air fan simulation 

• Humidifier 

• Three outside air/return air options with the 
attempting to equal required cold deck temper 

• Baseboard heating as supplemental heat to eaci 

• Primary heating coil 

• Cooling coil with face and by-pass dampers 

• Air temperature leaving air handler control 1 e< 
requirements of central zone 

• Fan air quantities vary: zone supply air quan 
remain constant due to operation of all -air ii 
box 

• Reheat coils. 

DISTRIBUTION SYSTEM NO. 5 
UNIT VENTILATOR 


This system consists of a draw-thru air handler wi 
coil. The coil is controlled by the first zone on t 
The air handler is capable of introducing a fixed am 
air. Although primarily designed to serve one zone, 
may be simulated. 

DISTRIBUTION SYSTEM NO. 6 
UNIT HEATER 


This simulation is primarily designed for a unit h 
one zone (i.e. , a unit heater free-standing in a roo 
however, be extended to simulate a number of zones ( 
handler with supply and return ductwork to several z 
system is not capable of introducing outside air. 

DISTRIBUTION SYSTEM NO. 7 
FLOOR PANEL HEATING SYSTEM 


The floor panel heating system is designed to siiw 
on-grade slabs or intermediate slabs as shown In th: 
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Figure 6.8. The simulation calculates the water temperature required 
to meet zone loads and the resultant heat loss of the system assuming 
all zones to have the same set point temperature. Surface and edge 
losses are also included in the simulation of this system. 

DISTRIBUTION SYSTEM NO. 8 
TWO-PIPE FAN COIL SYSTEM 


The two-pipe fan coil system consists of one distribution circuit 
(2 pipes) serving terminal fan coil units located in the spaces 
they condition. A changeover mechanism based on ambient air tem- 
perature is required to determine whether hot or chilled water is 
circulated. The fan coil unit, which consists of a blower and water 
coil, exhibits the following characteristics: 

• The blower runs continuously (unless turned off by V.T. 
program) while a room thermostat cycles a 2-position valve 
for temperature control . 

• Ventilation air may enter the zone through the unit at a 
constant rate. Outside air flow is input to the program. 

DISTRIBUTION SYSTEM NO. 9 
FOUR-PIPE FAN COIL SYSTEM 


A four-pipe fan coil system circulates water through two distri- 
bution systems (a hot and a chilled water circuit). The fan coil 
unit, consisting of a blower and usually two coils, is controlled 
by a space thermostat which regulates coil flow. A net heat gain 
in the space causes the thermostat to allow flow through the cool- 
ing coil and prohibit flow through the heating coil; for a net heat 
loss, the reverse is taken. Ventilation air entering the zone at 
a constant rate through the fan coil unit is also simulated. The 
simulation of this system is for a continuously running blower 
(unless turned off by the V.T. program). 

DISTRIBUTION SYSTEM NO. 10 
TWO-PIPE INDUCTION UNIT FAN SYSTEM 

The two-pipe induction system utilizes air and circulated water 
to achieve temperature control. The induction unit itself consists 
of a nozzle which injects primary air into a mixing chamber. The 
primary air jet which induces room air into it is the driving force 
in drawing room air through a coil. As this is a changeover type 
. system (i.e., hot water supplied to terminal units in winter, cold 
water in summer), the dry-bulb temperature of air leaving the air 
handling unit (primary air), as well as water temperature, varies 
with outside air temperature. Final temperature control is achieved 
via a stage thermostat which operates a throttling valve located 
on the coil in the induction unit. 

Air side central equipment for this system consists of an air 
handler having heating and cooling coils, a mixed air section. 
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and a humidifier. Additional characteristics of the system are as 
f ol 1 ows : 

• Three outside air/ return air options 

• Optional return air fan 

• Humidifier 

• Baseboard heating as supplemental heat to each zone. 

Depending on the specific design of the system, it is often possible 
that a building requiring nominal amounts of primary air may be 
moderately pressurized and the return air network eliminated. This 
may be simulated by not including a return air fan as input and by 
setting minimum outside air equal to 100%. 


DISTRIBUTION SYSTEM NO. 11 
FOUR-PIPE INDUCTION UNIT FAN SYSTEM 


The four-pipe induction system is comprised of a primary supply 
air and hot and chilled water distribution networks feeding air- 
water induction-type terminal devices. The primary air which is 
held at a constant temperature (at about 55°F) serves to control 
humidity in the space as well as provide ventilation air as re- 
quired. This primary air is mixed with recirculated room air at 
the terminal unit. Room air is tempered by first passing it 
through a coil in the induction unit which may heat or cool it as 
required such that the mixed air delivered to the space satisfied 
thermal requirements. The coil is controlled by a thermostat which 
modulates the flow of either hot or chilled water through the coil. 

Air side central equipment for this system consists of an air 
handler having heating and cooling coils, a mixed air section, and 
a humidifier. Additional characteristics of the system are as 
fol 1 ows : 

t Three outside air/ return air options 

• Optional return air fan 

9 Humidifier 

• Baseboard heating as supplemental heating to each zone. 

DISTRIBUTION SYSTEM NO. 12 

VARIABLE VOLUME FAN SYSTEM WITH OPTIONAL REHEAT 


The variable volume system simulated is comprised of a central air 
handling unit supplying primary air (at a temperature determined by 
the user) to variable air volume (VAV) terminal units. The air 
handling unit includes heating and cooling coils, mixed air section, 
supply air fan, and humidifier. The VAV boxes (controlled by a 
room thermostat) vary the amount of primary air to the space to 
achieve temperature control. When the space demands peak cooling, 
the VAV box allows maximum air flow. As space cooling requirements 
diminish, the primary air flow is reduced proportionately to a 
minimum flow rate defined as user input (default minimum=10%) . If 
less cooling is required than that given at minimum air flow, the 
reheat coil (if specified) is activated. 
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HUMIDIFIER 



THREE OPTIONS 

1. Fixed Dampers 

2. Enthalpy/temp, type 
Economizer cycle 

3. Temperature type 
Economizer cycle 


Figure 6.3 MULTI-ZONE FAN SYSTEM (DISTRIBUTION SYSTEM NO. 2) 
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HUMIDIFIER 



MIXED AIR 

T HR EE O PTIONS 

1. Fixed Dampers 

2. Enthalpy/temp, type 
Economizer cycle 

3. Temperature type 
Economizer cycle 


Figure 6.4 DUAL DUCT FAN SYSTEM (DISTRIBUTION SYSTEM NO. 3) 







THREE OPTIONS 

1. Fixed Dampers 

2. Enthalpy /temp, type 
Economizer cycle 

3. Temperature type 
Economizer cycle 

• 

Figure 6.5 SINGLE ZONE 


FAN SYSTEM WITH SUB-ZONE REHEAT (DISTRIBUTION SYSTEM NO. 4) 





Fixed R- 
Dampers 
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SUPPLY 



Figure 6.7 UNIT HEATER (DISTRIBUTION SYSTEM NO. 6) 
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Figure 6.8 FLOOR PANEL HEATING SYSTEM (DISTRIBUTION SYSTEM NO. 7) 



ZONE 


PRESSURE 



FANCOIL 

UNI T 


Figure 6.9 TWO-PIPE FANCOIL SYSTEM (DISTRIBUTION SYSTEM NO. 8) 


6-16 




6-17 
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1. Fixed Dampers 

2. Enthalpy /temp, type 
Economizer cycle 

3. Temperature type 
Economizer cycle 

Figure 6.11 TWO-PIPE INDUCTION UNIT FAN SYSTEM (DISTRIBUTION SYSTEM NO. 10) 














HUMIDIFIER 



MIXED AIR 
THREE OPTIONS 

1. Fixed Dampers 

2. Enthalpy /temp, type 
Economizer cycle 

3. Temperature type 
Economizer cycle 


Figure 6.13 VARIABLE VOLUME FAN SYSTEM WITH OPTIONAL REHEAT 
(DISTRIBUTION SYSTEM NO. 12) 






6.3 INPUT DATA 


The System and Equipment Simulation Program requires two forms 
of input, magnetic tape and punched cards. The magnetic tape re- 
quired is that produced by the Thermal Load Analysis or Variable 
Temperature Programs and contains hourly weather and space load 
data (see Sections 4.3.8 and 4.3.9). The card input data must be 
prepared by the user in accordance with instructions contained in 
Table 6.3. Many of these card input variables apply only to 
certain types of distribution systems; therefore an extra column 
entitled "Required For the Following System Types" has been added 
to Table 6.3 to indicate when each variable must be defined. To 
aid the user in the preparation of card inputs SS-4A, 4B, 4C, 4D 
and SS-5, simplified input forms for each type of distribution 
system are presented in Appendix D. Other input aids can also be 
found there. 
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TABLE 6.3 SYSTEM AND EQUIPMENT SIMULATION PROGRAM CARD INPUT INFORMATION 


reading j 

ORDER j C0LUWS 

INPUT VARIABLE DESCRIPTION 



PROGRAM 

SYMBOL 

UNITS 

1 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 

f ss - ! 

1 to 10 

Hour of year at which simulation may begin 

IHSRT 

HOUR OF 
YEAR 

0. to 8784. 


0. 

Default value-begln with first 
hour on load tape 

i 

11 to 20 

Hour of year at which simulation may end 

IHSTP 

HOUR OF 
YEAR 

0. to 8784. 
IHSRT < IHSTP 


o. 

Default value-end with last 
hour on load tape 

i 

| 

21 to 30 

Number of primary equipment combinations 
to be run 

NCASE 


1. to 10.^ 


1. 


31 to 40 

Number of reset schedules to be read 
{card type SS-3) 

NRSET 


0. to 10. 


3. 


41 to 50 

Fan system shut-off flag 

I FAN 


0. or 1. 

0 = Fans run continuously 

1 = Fans may be shut off 

2 = Fans & Basebd.htg. may be 

shut off 

0. 

If I FAN - 1 and e[Qs|» 0., then 
system(s) shut-off occurs 

51 to 60 

Heat conservation system indicator. Does 
one case use heat conservation system? 

KHCST 


1. or 2. 

1. = No 

2. - Yes 

1. 


61 to 70 

Number of energy distribution systems 

KMAX 




6. 

Limited by value of dimension 
statements within program 

SS-2 



1 to 10 

Optional print flag-1— hourly summaries 

IPRT1 


0. or 1. 

0. = Do not print 

1. * Print 

i. 

Recomnended maxlmun run length 
V/IPRT1 ON * a few months 

11 to 20 

Optional print flag-2— zone sumnaries 

IPRT2 


0. or 1. 

0. 

Recommended maxima run length 
W/IPRT2 ON - a few weeks 

21 to 30 

Optional print flag- 3— system 
component performance 

IPRT3 


0. or 1 . 

0. 

Recomnended maximum run length 
W/1PRT3 ON - a few days. 

REPEAT CARD TYPE SS-3 "NRSET" TIMES. 

SS-3 

1 to 10 

Low outside air temperature at which 
system temp. Is THI 

TOALO(NR) 

°F. 


THI — 
TL0_ 

3 \ 

3 \ 

u. \ 

x \ 

LaJ \ 

1 — ’ \ 

t/> \ 

to 

-15. 

All reset schedules are defined 
here and are referenced to the 
energy distribution system 
via the variable ISET (see 
SS-4C). The schedules define 
hot and cold deck air temps., 
primary air temp, and boiler 
water temp, as a function of 
ambient air temp. 

11 to 20 

High outside air temperature at which 
system temp. Is TLO 

TOAHI(NR) 

°F. 


55. 

21 to 30 

Low system fluid temperature 

TLO(NR) 

°F. 


140. 

31 to 40 

High system fluid temperature 

THI (NR) 

°F. 


210. 

41 to 50 

Reset schedule label (alpha-numeric) 

ZNAKE 



ATBItm AIK 

1 1 - 

TOALO TQAHI 

Hot Hater 
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TABLE 6.3 (CONT'D) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

REQUIRED FOR 
THE FOLLOWING 
SYSTEM TYPES 

COMMENTS 

READ C 
"KNAX' 

ARO TYPES 
TIMES. (S 

SS-4 AND SS-S AS FOLLOWS: SS-4A,B,C,D, SS-5 ( 
rSTEM-1 CARDS, ZONE-1 CARDS; SYSTEM-2 CARDS, 

1EPEAT1NG SS-5 "JMAX(X)“ TIMES). REPEAT ABOVE PROCEDURE 
IONE-2 CARDS; ETC.) 




SS-4A 

1 to 10 

Type of energy distribution system 

KFAN(K) 


1. to 13. 

1- S1ng1e Zone Fan System With 
Face And By-Pass Dampers. 

2- Hultl-Zone Fan System. 

3- Dual Duct Fan System. 

4- S1ngle Zone Fan System With 
Sub-Zone Reheat. 

5- Unit Ventilator. 

6- Unit Heater 

7- Floor Panel Heating 

8- Two-plpe Fancoll System. 

9- Four-plpe Fancoll System. 
10-Two-plpe Induction Unit 

Fan System. 

H-Four-pIpe Induction Unit 
Fan System. 

12- Variable Volume Fan System 
With Optional Reheat. 

13- Constant Volume Reheat Fan 
System. 

13. 

ALL 


11 to 20 

Number of zones on system 

JMAX(K) 




i°. 

ALL 

Limited by dimen- 
sion statements 

21 to 30 

System relative humidity set point 

RHSP(K) 

SR.H. 



50. 

1.2.3,4,10,11, 

12,13 


31 to 40 

System zone In which humldTstat controlling 
central humidifier Is located 

ICZN(K) 




1. 

1,2.3,4.10,11, 

12,13 


41 to 50 

Minimum outside air volume 

OACFM(K) 

cfm 



3000. 




If exh.alr exceeds 
DACFN, OACFM will 
be set equal to 
exh. air. 

51 to 60 

Mixed air option 

MXAO(K) 


1. ,2. , or 3. 

1. Fixed percent outside air 

2 . Enth . temp . econo . control 

3. Temp. econo. control 

■ 



61 to 70 

Variable volume fan control option 

NVFC(K) 


1. ,2. , or 3. 

1 .Variable speed motor 
2. Inlet vane damper 
JJjliShjmJa^er 

2. 

4,12 

Default value * 2. 

SS-4B 

1 to 10 

Hot deck temp, control mode {KFAN(K)=2 or 3) 

ITMPC(K.l) 


l.,3.,or 6. 

1. Predefined constant (TFIX1 
or TFIX2) 

2. Determined by zone with 
coldest supply air reqmt. 

3. Reset per reset schedule. 

6. Determined by' zone with wai 

est supply air requirement 

6. 

2,3,13 


AHU LVG temp, control mode (KFAN(K)=13) 


11 to 20 

Cold deck temp, control mode 

ITMPC(K,2) 



2. 

2,3 


21 to 30 

Total supply fan pressure 

TFNPS(K) 

In.HjO 

Non-negative 

3.8 

1.2, 3, 4, 5, 6, 8, 
9.10.11.12,13 


31 to 40 

Total return fan pressure 

TFNPR(K) 

in.HjO 

Non-negative 


2.1 

1,2,3,4,10,11, 

12,13 


41 to 50 

Total exhaust fan pressure 

TFNPE(K) 

in.H 2 0 

Non-negative 


na 

wmm 

|| 

51 to 60 

Are reheat colls located after variable 
volume boxes? 

||||||||j| 


0. or 1. 

0. - No 

1. - Yes 

i. 

12. 


61 to 70 

Minimum air flow through variable volume 
boxes 

YVHIN(K) 

t 

0. to 100. 


25. 

12 
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TABLE 6.3 (CONT'D) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

— 

PROGRAM 

SYMBOL 

UNITS 

LIAIT VALUES 

COOE 

EXAMPLE 

REQUIRED FOR 
THE FOLLOWING 
SYSTEM TYPES" 

COMMENTS 

SS-4C 

1 to 10 

Flood hot dock tap.(KFAN(K) • 2,3) 

Fixed AHU Discharge tap. (KFAN(IC) * 4.11, 
12,13 

TFIX1 (k) 

°F. 



*5. 

2.3,4.11.12,13 

Fa systa types 2, 

3 8 13. this verleble 
Is functlonel only If 
ITNPC(K,1)“1 

11 to 20 

Fixed cold deck teaperature 

TFIX2(K) 

°F. 



55. 

1.2.3. 

Fa systa types 2 - 
8 3, this verleble 
Is functional only 
If ITMPC(K,2) » 1. 

21 to JO 

Hot deck elr tap. reset schedule Index 
fXFAH(K) - 2.3) 

Mary air tap. met schedule Index 
IKFANIK) ■ 10) 

ISET(K.l) 


1. to 10. 


1. 

2.3,10,13 

I SET (k,N) keys 
e specific out- 
side elr reset 
schedule to con- 
trol the tapera- 
ture of a speel- 
fled pat Ion of 
systa. 

See Table 6.4 
for ISET/systa 
type atrlx. 

Ahu discharge elr tap. reset schedule 
Index (KFAN(K) - 13) 

31 to 40 

Cold deck elr teap. reset schedule Index 

ISET(K,2) 


1. to 10. 


2. 

2.3, 

41 to 50 

Beseboerd redletlon we ter tapereture 
reset schedule Index 

ISET(K,3) 


1. to 10 


3. 

1.2, 3,4 ,8,9, 
10.11.12.13 

51 to 60 

Two-pipe feneoll systa A two-pipe Induc- 
tion unit systa hot weter tewperature 
reset schedule Index 

lSET(k,4) 


1. to 10. 


1 . 

8,10 

61 to 70 

Retlo of Induced to prlary elr 

RIPA(K) 




2.7 

10.11 

Induced air • 
RIPA alary elr 

SS-4D 

1 to 10 

Two-pipe feneoll systa changeover tap. 

TCOFC(k) 

°F. 



53. 

8. 

At *2.5°F LAG In- 
hlbTts repeated 
changaver In ten- 
perete watha 

11 to 20 

Two-pipe Induction unit fen systa change- 
over tanereture. 

TOACO(K) 

°F. 



53. 

10. 

Floor penel hating systa hot water shut- 
off teipinture 



53. 

7 


21 to 30 

Volua of mter In chengeover type systa 
(2-plpe feneoll or 2-plpe Induction) 

PVGAL 

Gels. 

Non-negetlve 


1000. 

8,10 

The chengeover 
load Is calculated 
by the progra 

31 to 40 

Locetlon of floor hating peals 

PLOC(k) 



1. - Sleb on grade. 

2. - Into radiate floor sleb 

1 . 

7 

Horn than one rone 
ay be Included 
on the floa penel 
hating systa 
aly If they all 
have the sea set 
point tawpireture 

41 to 50 

Floor era covered by hating peals 

PAREA(X) 

Sg.Ft. 




7 

51 to (0 

Exposed perlater of floor 

PER IN( E) 

Ft. 




'7 
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TABLE 6.3 (CONT'D) 


READING 

ORDER 

COLUMNS INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMJOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

REQUIRED FOR 
THE FOLLOWING 
SYSTEM TYPES 

COKiENTS 


REPEAT CARD TYPE SS-5 ”JMAX(K)" TIMES. 



SS-5 

1 to 10 

Space number used In load and variable 
temperature programs 

SPACN(K.J) 




87 

All 

Spaces are renum- 
aered internally 
by this program. 
Only those spaces 
specified will be 
included. Load 
space types may be 
used more than 
once or not at all . 

11 to 20 

Zone multiplication factor 

MULT(I) 


Non-negative 
whole numbers 


2. 

All 


21 to 30 

Air exhausted from zone 

CFMX(I) 

CFM 



500. 

1,2, 3,4, 5,8, 9, 
10,11,12,13 

This value is con- 
sidered to be held 
constant unless 
the fan system Is 
off (see SS-l.IFAN) 

31 to 40 

Heat output of baseboard radiation per 
linear ft. at design conditions 

CBTU(I) 

BTU/Hr. 
Lin. Ft. 



700. 

I, 2,3,4,8,9,10 

II, 12,13 

Design conditions: 
65°E incoming air; 
215°F heating med- 
ium temperature. 

41 to 50 

Active length of baseboard radiation 

ALFBR(l) 

ft. 



10. 

I. 2.3,4.8,9.10 

II, 12,13 


51 to 60 

Load program space number of plenum 
above this space 

IPLEN(I) 




88. 

I, 2,3,4,5,10, 

II, 12,13 

If a ceiling ple- 
num(esp. return air 
ceiling plenum) 
was modeled in 
load program as a 
separate space a- 
bove this zone, 
enter its load 
program space num- 
ber here. 

61 to 70 

Zone name 

ZNAME 



A236 

All 

Alpha-numeric 
characters may be 
used here 

REPEAT CARD TYPES SS-6 AND SS-7 "NCASE" TIMES USING THE FOLLOWING ORDER: SS-6(1), SS-7(l)i SS-6(2) , SS-7(2); ETC. 
NOTE: PLACE ALL HEAT CONSERVATION SYSTEMS LAST IN THE DECK. 

SS-6 

f 

\ 

i 

i 

] 

i 

1 to 10 

System identification number 

ISYS(NC) 




160900101. 


11 to 20 

Is this a heat conservation building? 

KBLDG(NC) 


1. or 2. 

1. - No 

2. - Yes 

1. 


21 to 30 

Type of chiller 

Ml (NC) 


1 thru 5. 

1. thru 3. 
for hett 

COM. web. 

1. -Reciprocating 

2. -Hermetic centrifugal 

3. -open centrifugal 

4. -Steam absorption 

5 . -Centrl f ugal/Steam 

turbine 

2. 


31 to 40 

Source of chiller energy 

M2(NC) 



1 . -Gas 

2. -011 

3. -Steam 

4. -Electric 

4. 


1. 

Includes heating and pre-heating 
coils, basaboard radiation and 
floor panel heating. 

41 to 50 

Source of general heating energy 

M3 (NC) 



51 to 60 

Source of reheat coil energy 

KREHT(NC) 


« - - 

0. Same as Boiler 
4. Electric Resistance 

1. 
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TABLE 6.3 (CONT'D) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUE 

CODE 

EXAMPLE 

CtXtCNTS 

SS-7 

1 to 10 

Type of auxllllary chiller 

M6(NC) 



0. - None 

1. - Reciprocating 

2. - Hermetic centrifugal 

3. - Open centrifugal 

0. 

For heat conservation buildings 


11 to 20 

Source of supplemental heat 

H7(NC) 



0. - None 3. - Electric 

1 . - Gas 4. - Well water 

2. - Oil 5. - City water 

0. 

only 


21 to 30 

Number of engine/generator sets 

M4(NC) 




0. 

If left 0., the program will 
calculate this quantity 


31 to 40 

Type of engine/generator sets 

M5(NC) 



0. - None 

1. - Diesel 

2. - Gas 

1. 


5S-8 

1 to 10 

Number of boilers 

NUMB 




2. 

Default value - 1. 


11 to 20 

Size of each boiler 

SZB 

MBH 



350. 

' 1 


21 to 30 

Hour of seasonal boiler start-up 

BON 

Hour of 
year 

0. to 8784. 


0. 

If left D.O. boiler Is available 
for entire year 


31 to 40 

Hour of seasonal boiler shut-down 

5C#T 


0. to 8784. 
< BON 


0. 



41 to 50 

Keating value heating oil (for boiler) 

HVHO 

BTU/Gal 

Non-negative 


147.000. 

Default value - 150.000. BTU/Gal i 

SS-9 

1 to 10 

Number of chillers 

NUHC 




2. 

Default value • 1. 


11 to 20 

Size of each chiller 

szc 

Tons 



100.0. 



21 to 30 

Hour of seasonal chiller start-up 

CON 

■ 

mwTEMEm 



2161. 



31 to 40 

Hour of seasonal chiller shut-down 

COFF 

Hour of 
year 



5833 

Default value * 8785. which 
causes chiller availability from 
CON thru the end of the year 


41 to 50 

Minimum part load chiller cut-off 

FFUtl 

X 

0. to 100. 


20. 

Default value * 10. X 


51 to 60 

Chilled water set point temperature 

TLCHL 

°F 



44. 

Default value ■ 45. °F 


61 to 70 

Cooling tower water low limit temperature 

TECW 

°F 

75. to 90. 

’ 

80. 

Default value » 75.°F 


I 
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TABLE 6.3 (CONT'D) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUE 

CODE 

EXAMPLE 

CWfCNTS 

SS-10 

1 to 10 

Total boiler water pump head 

HDBLP 

Ft. 

Non-negative 


50. 



11 to 20 

ToUl chilled water pump head 

HDCLP 

Ft. 

Non-negative 


40. 


21 to 30 

Total condenser water pump head 

HDCNP 

Ft. 

Non-negative 


30. 


ss-u 

1 to 10 

External lighting power 

PWOL 

KW 

Non-negative 


0. 


11 to 20 

Fan and pump motor efficiency 

EFF 

t 

1. to 100. 



Default value - 85.1 

21 to 30 

Building changeover temperature 

ICO 

°F 



55. 

Default value • 55. °F 

31 to 40 

Heating value diesel fuel ( for engine/ 
generator) 

HVDF 

BTU/Gal . 



139000. 

Default value * 140.000 BTU/Gal. 

SS-12 

1 to 10 

Boiler supply and absorption chiller 
entering steam pressure 

PESTM 

PSIG 

2. to 12. 


12. 

Default value If PESTM 
out of range: 

PESTM - 12.0 EsU 
TESTM - 245. °F 

11 to 20 

Boiler supply and absorption chiller 
entering steam temperature 

TESTM 

°F 



245. 

21 to 30 

Steam turbine entering steam pressure 

PPS.. 

PSIG 



125. 

Default values If PPS not 
defined: 

PPS « 125. PSIG 
TPS - 353. “F 

31 to 40 

Steam turbine entering steam temperature 

TPS 

°P 



353. 

41 to 50 

Steam turbine speed 

RPM 

Rpm 



3500. 

Default value 3600. Rpm 

SS-13 

1 to 10 

Type of floor covering 

KFLCV 



1 . - Bare concrete 

2. - Tile 

3. - Carpeting 

3. 


11 to 20 

Floor insulation conductance 

CINSL 

BTU/Kr- 

SQ.FT.-F 



0.2 

floor panel heating systems 
only 

21 to 30 

Floor insulation thickness 

DINSL 

Ft. 



0.5 
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TABLE 6.3 (CONT'D) 


READING 

ORDER 

COLUMNS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COWCNTS 

SS-14 

1 to 10 

maximum allowable condenser water temp. 

TLCNM 

°F 



115. 



11 to 20 

Hell or city water design return water 
temperature 

TLCMN 

°F 



50. 



21 to 30 

City water supply temperature 

TCW1N 

°F 



60. 



31 to 40 

Well water supply temperature 

TWWIN 

°F 



60. 



41 to 50 

Total well water pump head 

HDWWP 

Ft. 



50. 


SS-15 

1 to 10 

Type of snow melting system 

KSNOW 



0. - None 

1. - Liquid 

2. - Electric 

0 . 



11 to 20 

Snow melting system design load 

QSNOW 

BTU/Hr. 



5000. 



21 to 30 

Snow melting slab area 

SAREA 

Ft. 2 



800. 



SS-16 


WAN Suimary Deck 345 


SNOW(K) 


This card deck can be obtained from the National Weather Record Center, Ashvllle, N.C. The 
deck would consist of 365 or 366 cards and Is placed In the System Sub-program data deck 
after card SS-15. If no snow-melting systae Is to be used, the snow data need not be 
placed In deck. 





TABLE 6.4 

APPLICATION OF ISET VARIABLES 


■m 



RESET SCHEDULE 

INDEX TERM 



SYSTEM 

ISET(K,1 ) 

ISET(K,2) 

ISET ( K,3) 

ISET(K,4) 

1 

SZFB 

— 

— 

Baseboard 
Hot Water 

— 

2 

MZS 

Hot Deck 

Cold Deck 

Baseboard 
Hot Water 

— 

3 

DOS 

Hot Deck 

Cold Deck 

Baseboard 
Hot Water 

— 

4 

5 

SZRH 

UVT 

UHT 

FPH 

2PFC 

— 

— 

Baseboard 
Hot Water 

— 

0 

7 

8 

— 

— 

Baseboard 
Hot Water 

Fancoil System 
Hot Water 

9 

4PFC 


— 

Baseboard 
Hot Water 

— 

10 

2PIU 

Primary 

Air 

— 

Baseboard 
Hot Water 

Induction System 
Hot Water 

n 

4PIU 

— 

— 

Baseboard 
Hot Water 

— 

12 

VAVS 

— 

— 

Baseboard 
Hot Water 


13 

RHFS 

AHU Supply 
Air 


Baseboard 
Hot Water 
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TABLE 

6.5 HEATING & COOLING PRIMARY AIR 

DESIGN 

TEMPERATURE 

SYSTEM 

TYPE 

SYMBOL 

PRIMARY AIR 
COOLING DESIGN 

(°F) 

PRIMARY AIR 
HEATING DESIGN 
(°F) 

INDUCED AIR 
HEATING COOLING 
(°F) (OF) 

1 

SZFB 

55. 

120. 


_ 

2 

MZS 

55. 

120. 

- 

- 

3 

DDS 

55. 

120. 

- 

- 

4 

SZRH 

52. 

95. 

- 

- 

5 

UVT 

55. 

120. 

- 

- 

6 

UHT 

55. 

120. 

- 

- 

7 

FPH 

0. 

0. 

- 

- 

8 

2PFC 

55. 

no. 

- 

- 

9 

4PFC 

55. 

no. 

- 

- 

10 

2PIU 

53. 

53. 

120. 

62. 

11 

4PIU 

53. 

53. 

120. 

62. 

12 

VAVS 

55. 

120. 

- 

- 

13 

RHFS 

55. 

120. 
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6.4 OUTPUT REPORTS 


From the Systems and Equipment Simulation Program, the user will 
receive eight (8) types of reports summarizing the following: 

1. Report SI - Recap of Card Input Data 

2. Report S2 - Title Page 

3. Report S3 - Summary of Energy Distribution System 

Characteristics 

4. Report S4 - Summary of Zone Air Flows 

5. Report S5 - Summary of Hourly Calculations (Optional) 

6. Report S6 - Summary of Loads Not Met 

7. Report S7 - Summary of Equipment Capacities 

8. Report S8 - Monthly and Annual Energy Summary. 

6.4.1 Report SI - Recap of Card Input Data 

Report SI (Figure 6.15) summarizes the card input data and 
default values used by the Systems and Equipment Simulation Program 
in performing each analysis. It provides the means by which the 
user can quickly ascertain if output errors or peculiar results are 
due to improperly defined input data. 

6.4.2 Report S2 - Title Page 

The Title Page (Figure 6.16) introduces the energy utilization 
analysis output and indicates the facility name, location, project 
number, engineer and date. 

6.4.3 Report S3 - Summary of Energy Distribution System 
Characteristics 


During the first part of the energy analysis phase, the Sys- 
tems and Equipment Simulation Program calculates the rate of supply 
air required by each zone to meet peak heating and cooling loads. 
Report S3 (Figure 6.17) summarizes these results on a per-distribu- 
tion system basis. Items printed on report include: 

1. System Number - defined by order of input SS-4A. 

2. Type - defined by input SS-4A. 

3. Supply Fan BHP - determined using summation of calculated 
air flows for each distribution system and total supply fan 
pressure defined in SS-4B. 
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4. Return Fan BHP - determined using summation of calculated air 
flow minus summation of zone exhaust air flows (input SS-5) 
for each distribution system and total return fan pressure 
defined in SS-4B. 

5. Exhaust Fan BHP - calculated using summation of zone exhaust 
air flows for each distribution system and total exhaust fan 
pressure defined in SS-4B. 

6. Number of Zones - defined by input SS-4A. 

7. Total Supply Air Flows - determined from zone peak heating 
and cooling loads retrieved off of input tape and design 
supply air temperatures summarized in Table 6.5. 

8. Minimum Outside Air /lows - summation of zone requirements 
defined via input SS-4A. 

9. Exhaust Air Flows - summation of zone exhaust air quantities 
defined in SS-5. 

10. Percent of Minimum Outside Air - quantity determined in (8) 
divided by that determined in (7). 

6.4.4 Report S4 - Summary of Zone Air Flows 

Report S4 (Figure 6.18) is similar to Report S3 except 
results are enumerated on a zone-by-zone basis. The column explana- 
tions are: 

1. Fan System - defined by order of input SS-4A. 

2. Zone Number - increases sequentially from 1 to number of 
zones indicated in input SS-4A. 

3. Load Space Number - defined by input SS-5. 

4. Multiplication Factor - allows the user to handle repetitive 
zones; defined by input SS-5. 

5. Supply CFM - determined from peak heating and cooling loads 
retrieved off of input tape and design supply air temperatures 
summarized in Table 6.5. 

6. Exhaust CFM - defined by input SS-5. 

7. Set Point Temperature - defined by input LC-57 and passed 
along on input tape. 
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If the user desires to track the hourly calculations performed 
by the Systems and Equipment Simulation Program during the simula- 
tion phase, the optional report S5 (Figure 6.19) can be asked for 
via the use of input SS-2. The length of this report can be con- 
siderable depending upon the length of analysis and the number of 
optional print parameters turned on. Indicated on Figure 6.19 are 
the lines of output that will be printed with all three (3) print 
parameters turned on. For explanation of variable subscripts, see 
subroutine SYSIM in Vol . II, Engineering Manual. 

6.4.6 Report S6 - Summary of Loads Not Met 


At the end of each month. Report S6 (Figure 6.20) is printed 
to indicate zone-by-zone the heating and/or cooling loads that the 
distribution system was not able to meet. These "loads not met" 
are a result of one of the following: 

1. Distribution system has a cooling requirement but cooling 
plant is off. 

2. Distribution system has a heating requirement but heating 
plant is off. 

3. Zone has a heating or cooling requirement but fan is off. 

4. Undersized distribution system heating or cooling capacity. 
An explanation of column headings follows: 

1 . Month - January through December 

2. System - defined by order of input SS-4A 

3. System Zone Number - increases sequentially from 1 to number 
of zones indicated in input SS-4A 

4. Multiplication Factor - number of times zone is repeated on 
system 

5. Cooling Load Not Met - summation of cooling loads for all 
hours during month when cooling was required but not avail- 
able 

6. Cooling Peak Not Met - the maximum cooling load not met 
during month 


7. Cooling Hours Not Met - summation of the hours during month 
for which loads were not met 

8. Heating Load Not Met - same as (5) but for heating 
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9. Heating Peak Not Met - same as (6) but for heating 

10. Heating Hours Not Met - same as (7) but for heating. 

11. Chiller and boiler loads not met due to undersized 
equipment - This line includes heating and cooling 
loads (consumption, demand, and hours of occurrence) 
not met by operating equipment. The energy distri- 
bution system simulation assumes energy conversion 
equipment to be of adequate capacity. If this is not 
the case, the excess loads are summarized on this line. 

Loads not met due to scheduled chiller and boiler 
shut-down are tallied as zone loads not met. 

6.4-7 Report S7 - Summary of Equipment Capacities 

Report S7 (Figure 6.21) summarizes the equipment capacities 
that were calculated by the program and used to determine the 
building's total hourly demand for energy. For details of algorithms 
used to perform sizing function, refer to Section 6 of Volume II, 
Engineering Manual. 

6.4.8 Report S8 - Monthly and Annual Energy Summary 

At the conclusion of the analysis period, a 4-part report 
(Figures 6.22 through 6.25) is printed detailing the building's 
monthly and annual demand and consumption of all forms of energy. 

A brief explanation of items follows: 

1. Monthly Btu/1000 

a) Monthly Heating - heat output of central heating plant 

b) Monthly Cooling - cooling output of central cooling plant 

2. Electricity 

a) Internal Lights and Building Equipment - power used by 
items defined in inputs LC-59 and LC-60. 

b) External Lights and Building Equipment - power used by 
equipment defined in SS-11 and turned on whenever sun 

i s down . 

c) Heat - power consumed by resistance boiler providing 
required heat, boiler controls, and hot water pumps. 

d) Cool - power consumed by chiller providing required cool- 
ing, chilled water pumps, condenser water pumps and 
cooling tower fan. 

e) Fans - power consumed by distribution system supply and 
return fans and exhaust fans. 
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f) Total - consumption is the summation of consumption values 
for (a) through (e); demand Is the peak power consumed In 
any one hour. 


3. Gas 

a) Heat - fuel consumed by gas-fired boiler providing required 
heat and/or gas heat source reheat coils. 

b) Cool - fuel consumed by gas-fired boiler providing steam 
for steam absorption chiller. 

c) Generation - fuel consumed by gas-powered engine/generator 
sets. 

d) Total - summation of items (a) through (c). 

4. Steam 

a) Heat - purchased steam used to provide required heat or 
reheat. 

b) Cool - purchased steam used by steam absorption chiller 
or steam turbine-driven centrifugal chiller to provide 
required cooling. 

c) Total - summation of (a) and (b). 

5. Oil 

a) Heat - fuel consumed by oil-fired boiler providing required 
heat and oil source reheat coils. 

b) Cool - fuel consumed by oil-fired boiler providing steam 
for steam absorption chiller. 

c) Total - summation of items (a) and (b). 

6. Diesel Fuel 

a) Generation - fuel consumed by diesel -powered engine/ 
generator sets. 

7. City Water - water required for humidification and make-up to 

cooling tower. 


6.5 EXAMPLE 


To illustrate the use of the System and Equipment Simulation 
Program with the example facility described in Section 4.4, the 
input da ta A shown in Figure 6.27 was prepared and used for the study. 
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RECAP of CARO input PATi 


NOTE— ALTH0U6H SOME VARIABLES APPEAR 
AS INTEGERS IN THIS LISTINSt 
ALL NUMERIC CARO INPUT DATA ARE 

read as real numbers. 

oefault values for certain variables 

are substituted as reouired 

AND APPEAR IN THIS LISTING. 

CARO TTPE-I. 

1 IHSRT • HOUR OF YEAR AT WHICH SIMULATION MAY BEGIN. 

0785 IHSTP - HOUR OF YEAR AT WHICH SIMULATION MAY END. 

1 NCASE - NUMBER OF CASES TO BE RUN. 

5 NRSET - NUMBER OF RESET SCHEOULES TO BE READ. 

0 IFAN • FAN SHUT *OFF FLAG. 

1 KHCST - HEAT CONSERVATION SYSTEM FLAG. 

1 KMAX - NO. OF ENERGY DISTRIBUTION, SYSTEMS. 

CARD- TYPE-2. 

0 XPRT1 - OPTIONAL PRINT FLAG. LEVEL 1... HOURLY SUMMARIES. 

0 IPRT2 - OPTIONAL PRINT FLAG. LEVEL 2. ..ZONE SUMMARIES. 

0 IPRT5 - OPTIONAL PRINT FLAG. LEVEL 5. ..SYSTEM COMPONENT PERFORMANCE. 


CARO TYPE-3. 

TEMPERATURE RESET SCHEDULES. 


SCHEDULE 

NUMBER 

TOALO 

TOAHI 

TLO 

THl 

** label ** 

1 

-15.0 

60.0 

220.0 

1*0.0 

HOT WATER 

2 

53.0 

85. 0 

55.0 

95.0 

2P10 AIr-s 

3 

55.0 

95.0 

55.0 

70.8 

primaRyair 

H 

-15.0 

55.0 

90 J) 

115.0 

HOT DECK 

S 

55.0 

85.0 

55.0 

65.0 

COLD OECK 


•••••«*••**•*••*»•***•*••* •*••••*•*•*•**•****••••*•*••••**••••**•*•••••••••••••*••*••••**•••*••••«*••*•*•••*•*••*•»•**** 

CARO TYPE-*. 

SYSTEM NUMBER 1. 


KFAN a 

13.0 JMAX a 

5.0 

RHSP a 

30.0 ICZN a 

1.0 OACFMs 

6000.0 MXAO a 

3.0 NVFC a 

0.0 

itmpc= 

2.0 ITHPCa 

0.0 

tfnps= 

*.00 TFNPR= 

2.00 TFNPE= 

1.30 IVVRHa 

o. vvnins 

0.0 

TFIXia 

0.0 TFIX2a 

0.0 

I SET a 

1.0 ISET a 

0.0 ISET = 

1.0 ISET a 

0.0 RIPA s 

0.0 

TCOFCa 

0.0 TOACOa 

0.0 

PWGALa 

0.0 PLOC a 

0.0 PAREAa 

0.0 PERIMx 

0.0 


CARD TYPE-3. 
ZONE DATA. 









J 

SPACN(K.J) 

MULT ( I ) 

CFHX(I) 

CBTU(I) ALFSR(I) 

IPLENU) 

ZONE LABEL 



(CALL'D) 









1 

1.0 

1.0 

1500.0 

0.0 0.0 

0 

CENTR ZONE 



2 

2.0 

1.0 

0.0 

0.0 0.0 

0 

PERIH.OFF. 



3 

3.0 

1.0 

0.0 

0.0 0.0 

0 

PERIM.OFF. 



* 

*.0 

1.0 

0.0 

0.0 0.0 

0 

PERIM.OFF. 



5 

5.0 

1.0 

0.0 

0.0 0.0 

0 

PERIH.OFF • 




»****»***»•**»****»»*****»•»*****»**»**»«»****»»**«»»*»**»**»•*»»»»*».**»»*»»»**»»#***»«»*»»*****.»*»***»»»»•****•*****» 
PRIMARY EQUIPMENT DESCRIPTION. 

CASE NUMBER 1. 

CARD TYPE-G. 

102. ISYS - SYSTEM COMBINATION NUMBER. 

1. KBLOG - BUILDING TYPE (1 —CONVENTIONAL OR ON-SITE. 2.=hEAT CONSERVATION). 

3. Ml - TYPE OF CHILLER. 

*. M2 - SOURCE OF CHILLER ENERGY. 

1. M3 - SOURCE OF HEATING ENERGY. 

1. KREHT - SOURCE OF REHEAT COIL ENERGY. 

CARD TYPE-7. 

0. M6 - TYPE OF AUXILIARY CHILLER. 

0. H7 - SOURCE OF SUPPLEMENTAL HEAT. 

0. M* - NUMBER OF ON-SITE ENGINE GENERATOR SCTS. 

0. M3 - TYPE OF E/G SET. 

*»•»*»**»•*»*«*•»**»•*»»•*•«»**********•»*•*•»»*»******»»«*»***»»•»*•*»*•«**»*»»»**»••****••*»«*»****»»**•»****•***»**» 

Figure 6.15 REPORT SI - RECAP OF CARD INPUT DATA 
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CARD TYPE-8. 



2 

NUMB 


100.0 

SZS 


0.0 

BON 


0.0 

BOFF 

1S0000.0 

HVHO 

CARD 

TYPE- 1 

9. 


2 

NUMC 


100.0 

SZC 


0.0 

CON 

8785.0 

COFF 


10.0 

FFLMN 


45.0 

TLCHL 


75.0 

TECMN 

CARD 

TYPE- 

10. 


40.0 

H08LP 


50.0 

HDCLP 


30.0 

HOCNP 

CARD 

TYPE- 

11. 


0.0 

PWOL 


85.0 

EFF 


55.0 

TCO 

140000.0 

HVDF 

CARD 

TYPE- 

12. 


12.0 

PESTM 


245.0 

TESTM 


125.0 

PPS 


353.0 

TPS 


3600.0 

RPM 

CARD 

TYPE- 

13. 


0 

KFLCV 


0.0 

CINSL 


0.0 

DINSL 

CARD 

TYPE- 

14. 


0.0 

TLCNM 


0.0 

TECMN 


0.0 

TCWIN 


0.0 

TWWIN 


0.0 

HOWWP 

CARD 

TYPE- 

15. 


0 

KSNOW 


0.0 

USNOW 


0.0 

SAREA 


- NUMBER OF BOILERS. 

- SIZE OF EACH BOILER (MBH) . 

- HOUR OF SEASONAL BOILER START-UP. 

- HOUR OF SEASONAL BOILER SHUT-DOWN. 

- HEATINS VALUE HEATING OIL 


- NUMBER OF CHILLERS. 

- SIZE OF EACH CHILLER (TONS). 

- HOUR OF SEASONAL CHILLER START-UP. 

- HOUR OF SEASONAL CHILLER SHUT-DOWN. 

- MINIMUM PART LOAD CUT-OFF FOR CHILLERS (PER CENT). 

- CHILLED WATER SET POINT TEMP. 

- COOLING TOWER WATER LOW LIMIT TEMPERATURE. 


- TOTAL BOILER WATER PUMP HEAD (FT.). 

- TOTAL CHILLED WATER PUMP HEAD (FT.). 

- TOTAL CONDENSER WATER PUMP HEAD (FT.). 


- EXTERNAL LIGHTING POWER. 

- FAN ANO PUMP MOTOR EFFICIENCY (PER CENT). 

- BLDG CHANGEOVER TEMP. 

- HEATING VALUE DIESEL FUEL 


- BOILER SUPPLY A|\)D ABSORPTION CHILLER ENTERING STEAM PRESSURE (PSIG), 

- BOILER SUPPLY AND ABSORPTION CHILLER ENTERING STEAM TEMPERATURE (DEG.F. ) • 

- STEAM TURBINE ENTERING STEAM PRESSURE (PSIG.). 

- STEAM TURBINE ENTERING STEAM TEMPERATURE (DEG.F.). 

- STEAM TURBINE SPEED (RPM). 


- TYPE OF FLOOR COVERING. 

- FLOOR INSULATION CONDUCTANCE. 

- FLOOR INSULATION THICKNESS. 


- MAXIMUM ALLOWABLE CONDENSER WATER TEMPERATURE (DEG.F.). 

- WELL OR CITY WATER DESIGN RETURN WATER TEMPFRATURF (DEG.F.). 

- city water supply temperature (deg.f.). 

- WELL WATER SUPPLY TEMPERATURE (DEG.F.). 

- TOTAL WELL WATER PUMP HEAD (FT.). 


- TYPE OF SNOW MELTING SYSTEM. 

- SNOW MELTING SYSTEM DESIGN LOAD. 

- SNOW MELTING SLAB AREA. 


Figure 6.16 REPORT SI (CONT'D) - RECAP OF CARD INPUT DATA 
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***************** *************************************************************** 


* * 

* * 

* * 

* ANALYSIS OF ENERGY UTILIZATION FOR * 

* * 

* * 

* LRC SYSTEMS ENGINEERING * 

* * 

* * 

* HAMPTON. VIRGINIA * 

*. * 

* * 

* ENGINEER - R. JENSEN * 

* PROJECT NO - SZ» 4Wi 3IN * 

* DATE - NOV 26. 1973 * 

* * 

* * 


******************************************************************************** 


Figure 6.17 REPORT S2 - TITLE PAGE 


6-40 


LRC SYSTEMS ENGINEERING HAMPTON. VIRGINIA NOV 26. 1973 SZ» 4IJ. TIN 

SYSTEM SIMULATION AND ENERGY ANALYSIS 


SUMMARY OF ENERGY DISTRIBUTION SYSTEM CHARACTERISTICS. 

SYSTEM TYPE ****** TOTAL FAN BHP ***** NO. OF **TOTAL SYSTEM AIR FLOWS tCFM)** PER-CEWT 

NO* SUPPLY RETURN EXHAUST ZONES SUPPLY MIN.O.A. EXH. SYSTEM MIN.O.A. 

1 RHFS 36.5 17.7 0.4 5 49280* 6000. 1500. 12.2 


Figure 6.18 REPORT S3 - SUMMARY OF ENERGY DISTRIBUTION SYSTEM CHARACTERISTICS 
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LRC SYSTEMS ENGINEERING 
SYSTEM SIMULATION AND ENERGY ANALYSIS 


HftMPTON. VIRGINIA 


NOV 26% 1973 SZi 4VU SIN 


SUMMARY OF 20NE AIR FLOWS 

FAN SYSTEM ZONE 
NUMBER 


LOAD SPACE 
NUMBER 


MULT SUPPLY CFM EXHAUST CFM SET POINT TEMP. 

FACTOR 


1 

1 

1 

1 

1 


1 

2 

S 

4 

5 


1 

2 

3 

4 

5 


1 39070 % 1500. 
1 2PB7. 0. 
1 2329. 0. 
1 2737. 0. 
1 2257. 0. 


75. 

75. 

75. 

75. 

75. 


Figure 6.19 REPORT S4 - SUMMARY OF ZONE AIR FLOWS 



cr> 

-£* 

ro 


193 1 7 2 9 0 26 25 9 0.00246 29.14996 0.07924 8.67624 2 0.491 

SYSTEM NO. 1... REHEAT FAN SYSTEM. 

ALFA: 0.12TMA=70.35WHA= 0.009DMA= 0 . 072DRA IK > = 0.071WRAIK): 0 . 010TRA:77. 23 


WSUP: 

0.01064WLVG= 

0.00939TLVG* 72.730LVG=0.0715 









J 

QLIL) 1 

BLITEILI 

OSKII ZMASS(l) 

TSUI WZIII 

QCLNMCII 

OCPNM(I) IHCMM(l) 

QHLNMlII 

QHPNM(I) 

IHHNHC II 

1 

66825. 

76316. 

97588. 175616. 

72.7 0.0102 

0. 

0. 

0 


0. 

0. 

0 

2 

223. 

748. 

-56769. 12991. 

92.8 0.0107 

0. 

n. 

0 


0. 

0. 

0 

3 

223. 

748. 

-54249. 10479. 

96.1 0.0107 

0. 

0. 

0 


0. 

0. 

0 

4 

223. 

748. 

•64349. 12316. 

96.3 0.0107 

0. 

0. 

0 


0. 

0. 

0 

5 

223. 

748. 

-52765. 10157. 

96.2 0.0107 

0. 

0. 

0 


0. 

0. 

0 

1 

0.0 

•50249.8 -253633.1 

0.0 

0.0 

275.8 


212.0 


54.7 


154 

1 7 210 0 27 

26 9 

0.00270 29.15999 

0.07907 9,37992 

2 0.491 








SYSTEM NO. 1... REHEAT FAN SYSTEM. 

ALFA: 0.13TMA=69.91WMAr 0.009DNA: 0.0720RA(K)= 0.071WRAIK): 0.010TRA=77.36 


WSUP: 0 
J 

.01019WLVG= 0.00917TLVG: 71.370LVG=0.0717 
QL(L> BLITE(L) OSKII ZMASSI1) 

TSU) WZ ( I > 

OCLMFtll 

OCPNM(I) IHCNM(l) 

OhLNM III 

OHPNM(I) 

IHHNHC 1 > 

1 

66625. 

82536. 

156498. 175816. 

71.4' 0.0110 

0. 

0. 

0 


0. 

0. 

0 

2 

223. 

809. 

-52406. 12991. 

91.5 0.0102 

0. 

0. 

0 


0. 

0. 

0 

3 

223. 

809. 

-52995. .10479. 

95.6 0.0102 

0. 

0. 

0 


0. 

0. 

0 

4 

223. 

809. 

-62952. 12316. 

95.9 0.0102 

0. 

0. 

0 


0. 

0. 

0 

5 

223. 

809. 

-50195. 10157. 

95.2 0.0102 

0. 

0. 

0 


0. 

0. 

0 

1 

155 1 
SYSTEM 

7 211 0 
NO. 1. 

0.0 

28 26 7 

..REHEAT FAN 

-0.8 -259443.1 

0.00258 29.14998 

SYSTEM. 

0.0 

0.07890 9.48738 

0.0 
2 0.340 

227.1 


212.0 


54.7 



ALFA: 0 » 16TMA=66 • 79WMA: 0.009DMA= 0.072DRACK): 0.071WRA(K1= 0 . 01 1TRA:77.45 
WSUP: 0.01100WLVG= 0.00939TLV6= 70.24OLV6=0.0718 


J 

OLILI 

OLITE(L) 

OSIUI ZMASSC I ) 

TSUI uzm 

OCLMMIII 

OCPNH ( I ) IHrNMI I ) 

OHLNMII) 

QHPNMl 1 1 

IHHNHC II 

1 

66825. 

67382. 

204914. 175816. 

70.2 0.0106 

0. 

0. 

0 

0. 

0. 

0 

2 

223. 

857. 

-51018. 12991. 

91.0 0.0110 

0. 

0. 

0 

0. 

0. 

0 

3 

223. 

657. 

-50799. 10479. 

94.8 0.0110 

0. 

0. 

0 

0. 

0. 

0 

4 

223. 

657. 

-60414. 12316. 

95.0 0.0110 

0. 

0. 

0 

0. 

0. 

0 

5 

223. 

857. 

-45833. 10157. 

93.4 0.0110 

0. 

0. 

0 

0. 

0. 

0 

1 


0.0 

•0.8 -261610.9 

0.0 

0.0 

358.0 


212.0 

54.7 


156 1 

7 212 0 

29 27 7 

0.00258 29,12999 

0.07668 9.73043 

2 P.491 







SYSTEM NO. 1... REHEAT FAN SYSTEM. 

ALFA: 0.18TMA=67.87WMA= 0.0090MA: 0.072DRAJK): 0.071WRACK>: 0.01 1TRA:77.53 
WSUP: 0.00905WLVG= 0.00905TLVG: 69.330LVG=0.0719 


J 

OLILI 

OLITECL) 

OSKII 

ZMASSIll 

TSUI WZIII 

OCLNMlIl 

ocpnmiii iHCNrui 

OHLNMII 1 

OlIPNnll) 

IHHNHC II 

1 

66625. 

91155. 

244315. 

175816. 

69.3 0.0114 

0. 

n. 

0 

0. 

0. 

0 

2 

223. 

694. 

-51953. 

12991. 

91.3 0.0097 

0. 

0. 

0 

0. 

0. 

0 

3 

223. 

e94. 

-49244. 

10479. 

94.2 0.0091 

0. 

0. 

ft 

0. 

0. 

0 

4 

223. 

894. 

-58623. 

12316. 

94.4 0.0091 

0. 

0. 

ft 

0. 

0. 

0 

5 

223. 

694. 

-40722. 

10157. 

91.4 0.0091 

0. 

0. 

0 

0. 

0. 

0 

1 

1 

.7 

0.0 

-264384.9 

0.0 

0.0 

0.0 


212.0 

54.7 


157 1 

7 213 0 

30 26 7 

0.00284 

29.10999 

0.07843 10.24951 

2 0.491 







SYSTEM NO. 1.. .reheat fan system. 

ALFA: 0.20THA=67.09WHA= 0.0090MA= 0.072DRAIK1: 0.071URAIK): 0.01 1TPA:77.56 


WSUP: 

J 

0.0U37WLVG* 

OLILI 

0.00910TLVG* 66.550LVGsO.0720 
OLITEILI OSKII ZMASSC 1 1 

TSUI 

uzm 

QCLNMIII 

OCPNMIII IHCNMIII 

OHLNM C I 1 

OiCPNMC 1 1 

IHHNHC I 1 

1 

66825. 

94093. 

277778. 

175816. 

68.6 

0.0094 

0. 

0. 

0 


0. 

0. 

0 

2 

223. 

922. 

•53460. 

12991. 

91.8 

0.0114 

0. 

0. 

0 


0. 

0. 

0 

3 

223. 

922. 

-47947. 

10479. 

93.7 

0.0114 

0. 

0. 

0 


0. 

0. 

0 

4 

223. 

922. 

•57130. 

12316. 

93.9 

0.0114 

0. 

0. 

0 


0. 

0. 

0 

5 

223. 

922. 

•36332. 

10157. 

89.6 

0.0114 

8. 

0. 

0 


0. 

0. 

0 

1 

0.8 


0.0 

-267456.3 


0.0 

0.0 

501.6 


212.0 


34.7 



Figure 6.20 REPORT S5 - SUMMARY OF HOURLY CALCULATIONS (OPTIONAL) 
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*********************************** LOAD NOT MET SUMMARY ********************************* 


MONTH 

SYSTEM 

system 
ZONE NO 

MULTIPLICA" 
. TION FACTOR 

****** C00LIN6 
LOADIMBTU) 

NOT MET 
PEAK(MBH) 

******* 

HOURS 

****** HEATING 
LOAD(MBTU) 

NOT MET 
PEAK(MBh) 

******* 

HOURS 

JAN 

1 

1 

1 

0. 

0, 

9 

0. 


0. 

0 

JAN 

1 

2 

1 

0. 

0. 

0 

0. 


0. 

0 

JAN 

1 

3 

1 

0. 

0, 

0 

0. 


0, 

0 

JAN 

1 

4 

1 

0. 

0, 

0 

0. 


o'. 

0 

JAN 

1 

5 

1 

0. 

0. 

0 

0. 


0. 

0 

JAN 

CHILLERS ANO 

BOILERS 

0. 

0. 

0 

0. 

0. 


0 

FEB 

1 

1 

1 

0. 

0, 

16 

0. 


0. 

0 

FEB 

1 

2 

1 

0. 

0. 

0 

0. 


0. 

0 

FEB 

1 

3 

1 

0. 

0. 

0 

0. 


0. 

0 

FEB 

1 

4 

1 

0. 

0. 

0 

0. 


0. 

0 

FEB 

1 

5 

i 

0. 

0. 

0 

0. 


0. 

0 

FEB 

CHILLERS AND 

BOILERS 

0. 

0, 

0 

u. 

0. 


0 

MAR 

1 

1 

1 

5652 * 

697, 

46 

0. 


0. 

0 

MAR 

1 

2 

1 

90* 

22. 

7 

0. 


0. 

0 

MAR 

1 

3 

1 

49 v 

14, 

6 

u. 


0. 

u 

MAR 

1 

4 

1 

65 * 

16. 

6 

0. 


0.. 

0 

MAR 

1 

5 

1 

106, 

25. 

10 

0. 


0. 

0 

MAR 

CHILLERS AND 

BOILERS 

0. 

0. 

0 

0. 

0. 


0 


I 

Figure 6.21 REPORT S6 - SUMMARY OF LOADS NOT MET 



6-44 


LRC SYSTEMS ENGINEERING HAMPTON, VIRGINIA NOV 26, 1973 SZ, 4W, 3IN 

system simulation AND ENERGY ANALYSIS 


i SUMMARY OF EQUIPMENT SIZES 

! 


TYPE OF CHILLER 

= 

OPEN 

CENTRIFUGAL 

NO, OF CHILLERS 

s 

2 



SIZE OF CHILLERS 


150,0 

TONS 


TYPE OF BOILER 


GAS 



NO, OF BOILERS 


2 



SIZE OF BOILERS 


1000,0 

MBTU 


TOTAL HEATING CAPACITY 



2000.0 

MBTU 

TOTAL COOLING CAPACITY 


= 

300.0 

TONS 


TYPE OF TERMINAL REHEAT - 
COOLING TOWER FAN REQUIREMENT 

GAS 

90000. CFM 

1.0 IN. S . P . 

16.7 8HP 

BOILER AUXILIARY HORSEPOWER REQUIREMENT (FAN, 

BLOWERtPUMP) 

3.0 BHP 

total fan plant horsepower FOR 

BUILDING 


54.7 BHP 

SUMMARY OF PUMP SIZES 

LOCATION 

TOTAL 6PM 

TOTAL HEAD (FT) 

TOTAL BhP 

CHILLED WATER 

720. 

50.0 

17.8 

CONOENSER WATER 

900. 

30.0 

13.4 

HEATING WATER 

200. 

40.0 

4,0 


Figure 6.22 REPORT S7 - SUMMARY OF EQUIPMENT CAPACITIES 
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I 

facility/address 

I 

date/project 

I 

USER AND SYSTEM 

IDENTIFICATION 

EQUIPMENT AND ENERGY 

I 

LRC SYSTEMS ENGINEERING 

I 

NOV 26. 1973 

I 

R. JENSEN 


CONSUMPTION ANALYSIS 

I 

- T , 

HAMPTON* VIRGINIA 

I 

SZ* 4W» SIN 

I 

_ Y , 

SYSTEM NO. 

102 


• A ' 


ENERGY CONSUMPTION 

“A* 





JAN. FEB. 

MARCH 

APRIL 


MAY 

JUNE 


MONTHLY BTU/1000 
MAX. DEMAND 

-489.7 

-420.1 


-295.1 

-60.3 

-0.0 

-0.0 

CONSUMPTION 

•191045.1 

•155726.3 


-114348.4 

•60.4 

-0.1 

-0.0 

MAX. DEMAND 

0.0 

0.0 


0.0 

1351.6 

1386.2 

2104.3 

consumption 

0.0 

0.0 


0.0 

43153.9 

86051.1 

316318.8 

electricity 

lights and building equipment 







INTERNAL 

DEMAND (KU) 

212.0 

212.0 


212.0 

212.0 

212.0 

212.0 

cons. (kuh) 

51304.0 

44308.0 


48972.0 

51304.0 

51304.0 

46640.0 

external 

DEMAND (KU) 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

CONS. 1 KUH) 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

HEAT (INCL. BOILER AND 
DEMAND (KU) 

AUXILIARIES^ 

5.2 

• ANO HOT WATER 
5.2 

PUMPS 

5.2 

5.2 

5.2 

5.2 

CONS. (KUH) 

3729.7 

3461.1 


3165.8 

2227.5 

1434.9 

150.2 

COOL (INCL. CHILLERS, 
DEMAND (KU) 

HATER pumps , 
0.0 

ANO COOLING TOWER 
0.0 

FAN 

23.2 

92.8 

97.3 

128.6 

CONS. (KUH) 

0.0 

0.0 


2999.2 

9135.4 

15766.6 

33739.0 

FANS 

DEMAND (KU) 

40.8 

40.8 


40.8 

40.8 

40.8 

40.8 

CONS. ( KWH) 

29354.3 

27397.4 


30332.6 

29354.3 

30332.8 

29364.3 

total 

OEMAND(KU) 

258.0 

258.0 


276.0 

345.6 

350.1 

381.4 

CONS. (KUH) 

84387.9 

75166.4 


B5489.7 

92021.1 

98838.4 

109883.4 

GAS 

HEAT 

DEMAND (THERMS) 

G.l 

5.3 


3.7 

0.8 

0.0 

0.0 

CONS. (THERMS) 

2388.2 

1946.7 


1429.4 

0.8 

0.0 

0.0 

COOL 

DEMAND (THERMS) 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

CONS. (THERMS) 

0,0 

0.0 


0.0 

0.0 

0.0 

0.0 

GENERATION 
DEMAND (THERMS) 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

CONS. (THERMS) 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

TOTAL 

DEMAND (THERMS) 

6.1 

5.3 


3.7 

0 . A 

0.0 

0.0 

CONS. (THERMS) 

2388.2 

1946.7 


1429.4 

0.6 

0.0 

0.0 


Figure 

6.23 REPORT 

S8 

- MONTHLY 

AND ANNUAL 

ENERGY SUMMARY 
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I 

FACILITY/AODRESS 


I 

OATE/PROJECT 

I 

USER ANO SYSTEM 

IDENTIFICATION 

EQUIPMENT AND ENER6Y 

I 

LRC SYSTEMS 

ENGINEERING 

I 

NOV 26. 1973 

I 

R. JENSEN 


CONSUMPTION ANALYSIS 

I 

_ T . 

HAMPTON* 

VIRGINIA 

I 

SZ« 4H. 3IN 

I 

- T a 

SYSTEM NO. 

102 


1 ' 



ENERGY CONSUMPTION 






JULY 

AUG. 

SEPT. 

OCT. 


NOV. 

DEC. TOTAL 


MONTHLY BTU/1000 

MAX. DEMAND 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

-366.5 


CONSUMPTION 

-0.0 

-0.0 

-0.2 

-0.3 

-0.2 

-52230.1 

-513410.8 

MAX. OEHANO 

2041.2 

3066.6 

0.0 

0.0 

0.0 

0.0 


CONSUMPTION 

361166.0 

355371.6 

0.0 

0.0 

0.0 

0.0 

1162061.0 

ELECTRICITY 

LIGHTS ANO BUILDING EQUIPMENT 







INTERNAL 

OEHANO (KU) 

212.0 

212.0 

212.0 

212.0 

212.0 

212.0 


CONS. (KWH) 

51304.0 

51304.0 

46640.0 

53636.0 

46640.0 

46640, U 

569996.0 

EXTERNAL 

DEMAND (KU) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


cons. (kuh) 

heat iincl. boiler and 

0.0 

auxiliaries. 

0.0 0.0 
ANO HOT UATER PUMPS 

0.0 

0.0 

0.0 

0.0 

DEMAND (KU) 

0.0 

5.2 

5.2 

5.2 

5.2 

5.2 


CONS. (KUH) 

COOL (INCL. CHILLERS. 

0.0 

HATER PUMPS. 

36.3 

and COOLING TOUER 

236.3 

FAN 

761.5 

3035.6 

3623.0 

22103.6 

DEMAND,! KU) 

126.6 

197.9 

23.2 

23.2 

23.2 

23,2 


CONS. (KUH) 

36769,3 

36636.7 

15668.5 

13870.6 

3115.5 

139,1 

170046.3 

FANS 

DEMAND (KU) 

40.6 

40.6 

40.8 

40.8 

40.8 

40.6 


CONS. (KUH) 
TOTAL 

30332.6 

30332.8 

29354.3 

30332.6 

29354.3 

30332.6 

489.3 

DEMAND (KU) 

361.6 

450.7 

276.0 

276.0 

276.0 

256.0 


CONS. (KUH) 

120406.0 

118509.7 

91901.0 

98606.8 

B214S.3 

80935.1 

1138312.0 

GAS 

HEAT 

DEMAND (THERMS) 

0.0 

0.0 

0.0 

0.0 

0.0 

4.6 


CONS. (THERMS) 

0.0 

0.0 

0.0 

0.0 

0.0 

652.9 

6417.9 

COOL 

DEMAND (THERMS) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


CONS. (THERMS) 

generation 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

OEHANO (THERMS) 

0.0 

0.0 

0.0 

0.0 

0.0 

O.U 


CONS. (THERMS) 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TOTAL 

DEMAND (THERMS) 

0.0 

0.0 

0.0 

0.0 

0.0 

4.6 


CONS. (THERMS) 

0.0 

0.0 

0.0 

0.0 

0.0 

652.9 

6417.9 


Figure 6.24 REPORT S8 (CONT'D) - MONTHLY AND ANNUAL ENERGY SUMMARY 
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EQUIPMENT AND ENERGY 
CONSUMPTION ANALYSIS 

I 

I 

I 

-T . 

FACILITY/ADDRESS 
LRC SYSTEMS 
HAMPTON. 

ENGINEERING 

VIRGINIA 

I DATE/PROJECT 
r NOV 26. 1973 
I SZ> 4W« 3IN 

I 

I 

I 

USER AND SYSTEM 
R. JENSEN 
SYSTEM NO. 

IDENTIFICATION 

102 






ENERGY 

CONSUMPTION 






JAN. 


FEB. 

MARCH 

APRIL 


MAY 

JUNE 

CITY MATER 










DEMAND (K 6ALS) 


0.1 


0.1 

0.2 

0.1 


0.1 

0.1 

CONS. (K GALS) 


30.4 


20.2 

20.4 

15.5 


19.6 

50.9 


Figure 6.25 REPORT S8 (CONT'D) - MONTHLY AND ANNUAL ENERGY SUMMARY 
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I 

FACILITY/ADDRESS 


T 

oate/project 

I 

USER ANO SYSTEM 

IDENTIFICATION 

EQUIPMENT AND ENERGY 

1 

LRC SYSTEMS 

ENGINEERING 

I 

NOV 26. 1973 

I 

R. JENSEN 


CONSUMPTION ANALYSIS 

1 

HAMPTON. 

VIRGINIA 

I 

SZ. 4W. 3IN 

I 

SYSTEM NO. 

102 





ENERGY CONSUMPTION 






JULY 

AUG. 

SEPT. 

OCT. 


NOV. 

DEC. TOTAL 


CITY WATER 
DEMAND <K GALS) 
CONS. (K GALS) 


0.0 0.0 

60.6 57.1 


0.2 

19.1 


0.3 

34.5 


0.1 0.1 ' 

24.0 29.1 397.3 


Figure 6.26 REPORT S8 (CONT'D) 


MONTHLY AND ANNUAL ENERGY SUMMARY 


Ol 

-p> 

vo 


1. 

8785. 

1. 

5. 

0. 1, 

-15. 

60. 

220. 

140, 

HOT WATER 

55. 

85. 

55. 

95. 

2PIU AIR-S 

55. 

95. 

55. 

70. 

PRIMARYAIR 

-15. 

55. 

90. 

115. 

HOT DECK 

55. 

85. 

55, 

65. 

COLD DECK 

13. 

5. 

50. 

1. 

6000. 3 

2. 


4.0 

2.0 

1.5 



1. 


1. 

1. 


1500. 



2. 





3. 





4, 





5. 

102. 

1. 

3. 

4. 

1. 1. 

2. 

1000. 

8533, 

2161. 


2. 

150. 

2161. 

5833. 

10. 45, 

40. 

50. 

30. 



0. 

85. 

55. 




1. SS-1 

SS-2 
SS-3A 
SS-3B 
SS-3C 
SS-3D 
SS-3E 
SS-4A 
SS-4B 
SS-4C 
SS-4D 

CENTR Z0NESS-5A 
PERIH.0FF.SS-5B 
PERIM,0FF.SS*5C 
PERIM.0FF.SS-5D 
PERI M. OFF. SS-5E 
SS-6 
SS-7 
SS-8 

75. SS-9 

SS-10 
SS-11 
SS-12 
SS-13 
SS-14 
SS-15 


Figure 6.27 SYSTEM AND EQUIPMENT SIMULATION PROGRAM LISTING OF TYPICAL INPUT DATA 



SECTION 7 

OWNINS AND OPERATING C^ST ANALYSIS PROGRAM 


7.1 OBJECTIVE AND DESCRIPTION 

The Owning and Operating Cost Analysis Program performs a life 
cycle cost analysis for each building heating and cooling system 
analyzed by the Systems and Equipment Simulation Program. Life 
cycle costs are those expenditures which occur singularly or peri- 
odically over the life of the building and includes cost of energy, 
cost of equipment in terms of first costs and replacement costs 
which occur if the expected life of the equipment is less than that 
of the building, cost of maintenance (material and labor), cost of 
periodic overhaul (material and labor), salvage value of equipment 
at end of building life, and opportunity costs for floor space 
occupied by equipment. 

Most of the burden of assembling the cost data required by the 
program is placed upon the user. During these times of escalating 
costs for energy, fuel, material and labor, it is impractical to 
expect the Owning and Operating Cost Analysis Program to accurately 
and automatically account for these factors. 


7.2 INPUT DATA 

Only the punched card form of input data is required for the 
Owning and Operating Cost Analysis Program. Instructions for the 
preparation of this data are given in Table 7.1. 


7.3 OUTPUT REPORT 

An owning and operating cost report similar to that shown in 
Figure 7.1 is received for each set of input data given to the pro- 
gram. Most of the information appearing on this report is simply 
a recap of input data. The real results of the analysis are the 
annuities for each equipment category and for the total HVAC system. 
These annuities are calculated utilizing present worth techniques. 


7.4 EXAMPLE 


To illustrate the use of the Owning and Operating Cost Analysis 
Program with the example facility, the input data shown in Figure 
7.2 was used to exercise the program. Output received back can be 
found in Appendix C. 
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OWNING AND OPERATING 



r/jr’iS 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

GC-1 

1 to 35 

Header 1, e.g. Facility Name 

FAC 

OC-2 

1 to 35 

Header 2, e.g. Facility Location 

CITY 

OC-3 

r to 35 

Header 3, e.g. Name of Engineer 

EHGR 

GC -4 

1 to 15 

Header 4, e.g. Project Number 

PR0J 

eg 

IBS 

Header 5, e.g. date 

. _ .... 

DATE 

cc-e 


Building Life 

BLGLF 

OC- 7 

1 to 10 

Annual Interest Rate 

RINT 


1 1 to 20 

• 

Annual Increase of Labor Cost 

RINL 


21 to 30 

Annual Increase of Material Cost 


1 

31 to 40 

Annual Increase of Floor Space Cost 

RINF 

i 

i 

41 to 50 

Annual Increase of Energy & Fuel Cost 

RINE 

SC- 8 

1 to 10 

Unit Cost of Electricity 

CELE 


li to 20 

Unit Cost of Gas 

CGAS 



Unit Cost of Oil 

COIL 


£|||| 

Unit Cost of Purchased Steam 

CSTM 


41 to 5G 

Unit Cost of City Water 

CWAT 


51 to 60 

Unit Cost of Diesel Fuel 

CFUL 


61 to 70 

Unit Demand Cost of Electricity 

OELEC 


Table 7.1 


T ANALYSIS PROGRAM CARD INPUT INFORMATION 


LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 
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Table 7.1 (Continued) 


OWNING AND OPERATING COST ANALYSIS PROGRAM CARD INPUT INFORMATION 


SHADING 

■ 


PROGRAM 






nojCQ 

5SIIOM8 

INPUT VARIABLE DESCRIPTION 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 

EXAMPLE 

COMMENTS 

* 

| cc-s 

— 
1 to 10 

Number of cases to be analyzed 

CASES 

- 

— 

— 



READING ORDERS OC-IO THROUGH OC-15 SHOULD BE REPEATED "CASES" TIMES. 

•. ____ 








Var.Vol ./ 


OC-IO 

1 to 80 

Syitm Description Libel 

DESC 

" 

- 

“ 

Cent.Chllr/ 
Gas Boiler 

M 

oc-n 

1 to 10 

Number of Energy Categories 

£ 

| 

1 to 15 

- 

ID. 


READING ORDER OC-12 SHOULD BE REPEATED "ENCAT" TIMES. 

j 






1 Electric 4 Steam 



OC-12- 

1 to 10 

Energy Type 


- 

1 to 6 

2 Gas 5 Water 

3 Oil 6 Diesel Fuel 

1. 






KW, Therms, 



564923. 



11 to 20 

Annuil Consumption 


■uftlmTflllfl 

•* 





21 to 50 

Energy Category Libel 

ENLAB 

- 

- 

- 



.ITS ORDERS 0C-12A AND B MUST FOLLOW ANY CARD OC-12 HAVING AN ENERGY TYPE (ETYPE) = 1. 


I 

0C-12A 

1 to 10 

Electrlcil Demand for January 

EDEMD 

KW 






11 to 20 

" " " February 








21 to 30 

" " " March 








31 to 40 

" » H flp r j| 








41 to 50 

" " "May 








SI to 60 

- H " June 








61 to 70 

" » " July 







1C-12B 

1 to 10 

Electrical Demand for August 

EDEMD 

KW 





11 to 20 

■ ■ " September 

" 

H 






21 to 30 

" " " October 

" 

" 






31 to 40 

» H " November 

" 

" 






41 to 50 

'» " H December 







































Table 7.1 (Continued) 

OWNING AND OPERATING COST ANALYSIS PRdGRAM CARD INPUT INFORMATION 


KSXtM 

usmB 

INPUT VARIABLE DESCRIPTION 

PROGRAM 

SYMBOL 

UNITS 

LIMIT VALUES 

CODE 


COMMENTS 

Hi 

1 to 10 

Njrr.ber of Equipment Categories 


- 

1 to 15 

- 

8. 



5 ORDERS OC-13 AMD OC-14 SHOULD BE REPEATED “EqCAT“ TIMES. 


1 to 30 

Equipment Category Label 

EQLA8 

- 

- 

- 

Chillers 


31 to 40 

Installed Cost of Equipment 

COST 

i 

- 

- 

loooo. 


41 to SO 

Expected Life of Equipment 

LIFE 

Years 

- 

- 

20. 


si to eo 

Is Resale Value to be considered? 

sv 

- 

- 

0 No 

1 Yes 

0. 

Based on straight-line depreciation. 

61 to 70 

Major Overhaul Period 

OHPD 

Years 

- 

- 

10. 


1 to 10 

Estimated Annual Maintenance Labor Cost 

AML 

S 

- 

- 

1000. 


n to ?.o 

Estimated Annual Malnt. Material Cost 

AMM 

$ 

- 

- 

500. 


21 to 30 

Estimated Major Overhaul Labor Cost 

OHL 

$ 

- 

- 

5000. 


31 to 40 

Estimated Major Overhaul Material Cost 

OHM 

i 

- 

• 

4000. 


glllll 

Estimated Cost of Floor Space 
Occupied by Equipment 

FLR 

s 

- 


100. 
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OWNING AND OPERATING COST ANALYSIS FOR 


LRC SYSTEMS ENGINEERING 


*** ****************************************************************************** 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

******************************************************************************** 


building 


HAMPTON. V A 


ENGINEER - R. JENSEN 
PROJECT NO - NAS1-12843 
DATE - JULY 10. 1974 


Figure 7.1 


OWNING AND OPERATING COST ANALYSIS PROGRAM OUTPUT REPORT 



***************** INPUT ASSUMPTIONS ************* 


BUILDING LIFE 

ANNUAL INTEREST RATE 

ESTIMATED LABOR WAGE ANNUAL INCREASE 

ESTIMATED MATERIAL COST ANNUAL INCREASE 

ESTIMATED FLOOR SPACE COST ANNUAL INCREASE 

ESTIMATED ENERGY COST ANNUAL INCREASE 


40.00 YEARS 

12.00 PERCENT 
8.00 PERCENT 

15.00 PERCENT 

10.00 PERCENT 
10.00 PERCENT 


Figure 7.1 (CONT'D) OWNING AND OPERATING COST ANALYSIS PROGRAM OUTPUT REPORT 
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ANALYSIS FOR - SYSTEM no. I - MULTI /ONE U/BASEBOARO. CENTRIFUGAL CHILLERS* STERN HCAf OC-U 
**************************************************** CNCNSY COSY SUNNARY 




ENERGY 

CONS. 

UNI Y COSTS 
OEM AMO 

CONSUMPTION 

uemanu 

TOTAL cost 
1*1 


CLCCTRICITT 

LtCHTINS 

(S) 

IS) 






MCATINB-BOILER RUMPS. CONTROLS 

0.05 

1.50 

520000. 

KU 

29CU. 

KU 

ism*. 


COOLIM-CHILLCR. PURRS. TOwCR 

0.05 

1.50 

57650. 

xw 

5600. 

KW 

H29. 


FANS-SURRLT. RETURN. EKHAuST 

0.05 

1.50 

205996. 

KW 

• 900. 

KW 

15565. 


STEAM 

HEATING 

0.05 

1.50 

559160. 

1192269. 

KW 

KU 

1200. 

KW 

125/9. 
S22b /. 


match 

comer rarc-up 

1.50 

0.00 

1050. 

K Las~“ 

0. 

k ms" 

2 795. 



0.75 

0.00 

. £09. 

K GALS.._ 

0. 

K GALS 

291. 


GRAND TOTALS 


ANNUITY 

1*1 


17*105. 

V90S. 

099. 


55509. 

MYWHYMR mWMIMM 


STEM* AND COUIRHENT COST 


INITIAL ANTICIPATED SALVAGE 
COST LtFC CONSIO. 


MAJOR OVERHAUL 
RERtOO LABOR MATERIAL 


ANNUAL MAINTENANCE FLOOR SR ACE ANHUI TT • 
LABOR MATERIAL COST • 


• CHILLER* T0N£R*f>URPS«RI<>lN6 AOOOO. 

• BOILER. PURRS* RIRiNS 20000. 

• OISTNlBUTION STSTEMS* CONTROLS I7SOOO. 


90 

TCS 

10 

SOB. 

BOB. 

90 

YES 

10 

*•0. 

n. 

90 

YES 

IB 

1TS0. 

Hi. 


imob. 

tin. 

BTBB. 


0100. 

too*. 

tooto. 


* TOTAL STSTENB AM EAUIRHENI ANNU1TT 

************************************** ***************AAR**ROAA099AAOAA**RAOA»AR#ARAOAAAOOAAOA##00 T Tr-T-|irrtltr»ll 


19 TSM. • 
EMIT. • 
IBaTOI* • 

•MM... t 

MSMT. • 


NOTE — 


• TOTAL 0MN1N6 AND OPERATtNB ANNUITY 322565. OQjX*** • 

**********•*****»•*••»*»•*••••>•—' i -TTrrr»» rttut »»»»»«»>> . 

ANNUITY IS CONSTRUED TO MEAN THE UNIFORM ANNUAL COST, CONSIDERS** ALL THE LUTES' COSTS. TO CMC OUNCN OURIM 
•Ht TINt OF THE BUILDING* 


Figure 7.1 (CONT'D) OWNING AND OPERATING COST ANALYSIS PROGRAM OUTPUT REPORT 




SECTION 8 

THERMAL LOAD PLOT PROGRAM 


This program plots the hourly sensible loads for the building by space, 
or by building total for -four days. The loads are printed In graph form 
on the line printer. The maximum and minimum loads are scaled to fit the 
page, and the scaling factors are printed out as the Y-axis of the plot. 

The X-axis is the hour of the year. 

The input to the program is the start date. In the form of Month, Day, 
and the space for which the plot is desired. A space number of zero means 
that the building total sensible load is desired. The columns 21 to 80 
contain the title for the plot. It is suggested that this title Include 
the date. The program will make any number of plots, and will stop when 
it reads a card with -1 in columns 1 and 2. 


First Day of 
Seven Day Plot 



Figure 8.1 THERMAL LOAD PLOT PROGRAM FORM 
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SECTION 9 

TVT— TEMPERATURE VERSUS TEMPERATURE PROGRAM 


The function of this program is to plot coincident occurrences of 
ambient dry-bulb and distribution system primary temperatures. See Figure 
9.2 for an example of the program's output. 

The x-axis represents "hot" or "cold" deck temperature, while the 
y-axis is ambient dry-bulb temperature. The definition of hot and cold 
deck temperatures depends on the type of distribution system being plotted. 
They are defined as shown in Table 9.1. 

The primary use of the program is in determining a fan system's opti- 
mum, temperature as a function of ambient temperature. Deck temperature 
optimization applies to multi-zone, dual duct, and reheat fan systems. To 
use it as such, a solid state type temperature controller is simulated in 
the system simulation program. It selects the warmest cold deck and coolest 
hot deck which, for that time increment, will satisfy the requirements of 
the spaces. This data, when plotted by TVT, will show a characteristic 
relationship between system and ambient temperatures. 

TVT card input requirements are defined in Figure 9.1 below. One 
card is required for each set of hot and cold deck plots. The data in- 
cludes start time, stop time, distribution system number (a "K" number) 
and the title. There is no restriction to the number of plots which may 
be made by a TVT run. To terminate the program, the last card of the input 
deck should have -1 in the first two columns. 


Start Month \ 

(01 to 12) ^ 


Start Day of Month 
(01 to 31) 


Stop Month 
(01 to 12) 


Stop Day of Month 
(01 to 31) 


Distribution System 
Number 


TITLE/COMMENTS 

(Alpha/Numeric) 

II 



S 

BB 

3 

10 11 

I 

SB 

15 20 

21 80 

■ 

1 


I 


1 


1 

■ 




Figure 9.1 TEMPERATURE VS TEMPERATURE PROGRAM INPUT FORM 
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The organization of data on the tape (generated by the system and 
equipment simulation program) read by TVT is outlined in Figure 9.3 
These variables are defined in Table 9.2. 


Table 9.1 DEFINITION OF HOT AND COLD DECK. SYSTEM TEMPERATURES 


System 

Number 

■H 

"Hot Deck" 

2 

Cold Deck 


SZFB 

AHU Leaving Air Temperature 

- 

2 

MZS 

Hot Deck Air Temperature 

Cold Deck Air 
Temperature 

3 

DDS 

Hot Deck Air Temperature 

Cold Deck Air 
Temperature 

4 

SZRH 

AHU Leaving Air Temperature 

- 

5 

UVT 

II II II II 

- 

6 

UHT 

II II II II 

- 

7 

FPH 

Floor Panel Temperature 

- 

8 

2PFC 

[Discharge Temperature of*l 

- 

9 

4PFC 

ILast Zone's Fancoil J 

- 

10 

2PIU 

AHU Leaving Air Temperature 

- 

11 

4PIU 

II II II II 

(Constant) 

- 

12 

VAVS ' 

AHU Leaving Air Temperature 
(Constant) 

- 

13 

RHFS 

AHU Leaving Air Temperature 



See Table 6.1, User Manual, for definition of system types. 

2 

Where cold deck does not apply, deck temperature is set equal 
to 0.0. 
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STSTe* 'si^.ULAi'lOrti PLOT PLOT SE I « • .SPRING*'** “ SYST’H.'r 1 



Figure 9.2 SAMPLE TVT PROGRAM OUTPUT 
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VARIABLE 

FAC 

CITY 

ENGR 

PROJ 

DATE 


j=l ,NCASE 

1 

ISYS ,KMAX,IHSRT, IHSTP 

i=IHSRT,IHSTP 

1 

IHOUR,IMOY,IDOM,IHOD, 

I TOA , I TWB , WOA , PATM , 

DOA ,TNFBP ,TABCD ,BGAS ,OILH 

k=l ,KMAX 

— , 

KFAN k , QKC k s QKH k ,QKKW k ,PWLK k , 
H20K k ,ZER0,TKHL k ,TKCD k 

t 

— j 


FORTRAN FORMAT 

35A1 
35A1 
35A1 
1 5A1 
1 5A1 


4110 


14,312,214, 

3F8.5,4F8.1 


I3,3F12.0, 
3F10.1 , 2F5 . 1 


Figure 9.3 ORGANIZATION OF SYSTEM AND EQUIPMENT SIMULATION 
PROGRAM OUTPUT TAPE 
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1 


Table 9.2 DEFINITION Op SYSTEM AND EQUIPMENT SIMULATION 
PROGRAM OUTPUT TAPE VARIABLES 


VARIABLE 

DESCRIPTION 

FIELD 

FAC 

Factl tty 

35A1 

CITY 

Location 

35A1 

ENGR 

User Name 

35A1 

PROJ 

Project ID. 

15A1 


Date 

15A1 


System Combination No. 

no 


No. Distribution Systems 

no 

m 

Start Hour (hour of year) 

no 


Stop Hour (hour of year) 

no 

IHOUR 

Current Hour (hour of year) 

14 

IMOY 

Month of Year (1 - 12) 

12 

I DOM 

Day of Month (1 - 31) 

12 

I HOD 

Hour of Day 

12 

ITOA 

Ambient Dry-Bulb Temperature (°F) 

14 

ITWB 

Ambient Wet-Bulb Temperature (°F) 

14 

WOA 

Ambient Humidity Ratio (lbs-H 2 0/lb-dry air) 

F8.5 

PATM 

Barometric Pressure (In. Hg) 

F8.5 

DOA 

Ambient Air Density (lbm/ft^) 

F8.5 

TNFBP 

Total Net Fan Brake horsepower (bhp) 

F8.1 

TABCD 

Total Power of Building (KW) 

F8.1 

BGAS 

Building Natural Gas Requirement (therms) 

F8.1 

OILH 

Building Heating Oil Requirement (gals) 

F8.1 

KFAN k 

Energy Distribution System Type No. (1 - 13) 

13 

QKC k 

System Cooling Requirement (Btu) 

F12.0 

QKH k 

System Heating Requirement (less elect. resist, re- 


Is 

htg.) (Btu) 

FI 2.0 


Electric Resistance Reheat Requirement (Btu) 

F12.0 

PWLIC 

Base Power Requirement of Zones served by this 



system (KW) 

FI 0.1 


Humidification Water Requirement (lbs HgO) 

FI 0.1 

mm 

Reserved (=0.0) 

F10.1 

TKHL k 

Hot Deck Temperature or AHU Leaving Temperature (°F) 

F5.1 

TKCD k 

Cold Deck Temperature (°F) 

F5.1 
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APPENDIX A 


INSTRUCTIONS FOR DIMENSION 
STATEMENT ALTERATION 


INSTRUCTIONS FOR DIMENSION STATEMENT ALTERATION 


Certain variables in the Thermal Load Analysis Program have only 
one value. For instance, FNS, the number of spaces, is described by 
one number. The direct normal radiation, RDN, also takes on one value, 
which varies with time, but may be described at any given time by one 
number. Such variables, called scalars, require only one location in 
the computer memory. This location is assigned automatically the first 
time scalar variable is used. 

Other variables v however , possess a number of values. For example, 
AW, the area of a window, has as many values as there are windows in 
the building. The number of vertices of a shade polygon added to a 
window, FNVAW, has a different value, for each of the added shade poly- 
gons, for each window. Such multi-valued variables are called arrays 
or matrices. They each require more than one location in the computer's 
memory . 

The computer does not assign such blocks of memory automatically. 

The number of values (the dimensions) of a matrix variable must be 
assigned by the use of special statements, called dimension statements. 

The core requirements for running the program depend upon the 
numbers entered into the dimension statements. For the most efficient 
utilization of a computer system, the user of this program should arrange 
dimensions according to his applications. 

NOTE: Since the computer does not accept "zero" for a dimension 

value, if a dimensioned variable is equal to zero, always 
use "ONE" for dimension value. 


The dimension statements which require change in the variable 
temperature program are given in Table A2. 


1 


Delayed, Quick 

Quick Delayed Window Building 


LOAD PROGRAM GLOSSARY 


A 

B 

C 


R-. 

S 

T 


Number of spaces in building 

Number of distinct delayed heat transfer surfaces in building 

Number of distinct quick heat transfer surfaces in building 

Number of distinct windows in building 

Number of types of delayed heat transfer surfaces 

Number of inside heat transfer surfaces in building 

Number of underground walls in building 

Number of underground floors in building 

Maximum number of sides of any exterior heat transfer surface 

Maximum number of sides of any exterior heat transfer or 
shading surfaces (j > I) 

Maximum number of shading surfaces deleted from any exterior 
heat transfer surface 

Maximum number of shading surfaces deleted from a delayed 
heat transfer surface (L < K) 

Maximum number of shading surfaces added to a delayed heat 
transfer surface 


Maximum number of sides of a delayed heat transfer surface 

Maximum number of sides of a shading surface added to a 
delayed heat transfer surface 

Maximum number of shading surfaces deleted from a quick 
heat transfer surface (P < K) 

Maximum number of shading surfaces added to a quick heat 
transfer surface 

Maximum number of sides of a quick heat transfer surface 

Maximum number of sides of a shading surface added to a 
quick heat transfer surface 

Maximum number of shading surfaces deleted from a window 
(T < K) 


2 



GLOSSARY (CONT'D) 


U \ 


V 

w 

X 

Y 

z 

AA 



AB 

AC 


AD 

AE 


OJ 

(D 

O 


a) 

P< 

CQ 


AF 


AG 

AH 


AI 


AJ 


AK 

AL 



AM 

AN 

AO 


Maximum number of shading surfaces added to a window 
Maximum number of sides of a window 

Maximum number of sides of a shading surface added to 
a window 

Number of common shading surfaces 

Maximum number of sides of a common shading surface 

Maximum number of shading surfaces added to any exterior 
heat transfer surface 

Maximum number of sides of a shading surface added to 
any exterior surface 

Maximum number of inside heat transfer surfaces in a space 
Maximum number of quick- heat transfer surfaces in a space 
Maximum number of delayed heat transfer surfaces in a space 
Maximum number of underground walls in a space 
Maximum number of underground floors in a space 
Maximum number of windows in a space 

Number of pictures desired of shadows on delayed heat 
transfer surfaces 

Number of pictures desired of shadows on quick heat 
transfer surfaces 

Number of pictures desired of shaded areas of windows 

Must exceed number of sides of any exterior heat transfer 
surface or any shading surface (for example: AK = J +3) 

Maximum value of (number of commons - number of deletions 
+ number of additions) for any exterior heat transfer 
surface 

Maximum number of sides of any shading surface, common 
or added +3 

Fineness of division of exterior heat transfer surface for 
shadow analysis (corresponds to x and y divisions of a 
surf ace ) 


3 



TABLE A1 

DIMENSION STATEMENTS WHICH REQUIRE CHANGE 


MAIN ROUTINE 

— /. 

/ 

DIMENSION / LOAD0027 

n. _ a . A _ a 


1 DU ( A 

)< SUMA! 

A 

) < 

SUMB ( 

A 

) < 

SUMC ( 

A 

) < 

HRLDL < 

A 

) . 

LOAD0028 

i RMKIS1 < A 

) , RMRISC! 

A 

) < 

RATRIS! 

A 

) . 

RMRPS1 ! 

A 

)< RMRPSC ( 

A 

) . 

LOAD0029 

l R ATRPS ( A 

) < RMRX1! 

A 

) < 

RMRXC « 

A 

) < 

RATRX! 

A 

) < 

RMRG1 ! 

A 

) . 

LOAD0030 

I RMR6C ( A 

>, RATRG! 

A 

) < 

HI ( 

A 

) . 

H2< 

A 

) < 

H3< 

A 

) . 

LO ADO 031 

1 WOF ( A 

)< N I H T S ! 

A 

) < 

NQ( 

A 

) < 

NO! 

A 

) . 

NUW! 

A 

) • 

LOAD0032 

l NUF ( A 

>. NW! 

A 

) < 

PLTTEI 

A 

) . 

ILITE! 

A 

) . 

NFOLK! 

A 

) . 

LOAD0033 

. 1 HASSL« A 

)< TSPAC ! 

A 

> < 

NEQ ( 

A 

> < 

IWOO! 

A 

) < 

QIHTS! 

A 

} . 

LOAD0034 

1 VOL ( A 

>. SSHMAX ( 

A 

) < 

STCMAX ( 

A 

) < 

CODINF ( 

A 

)< QEOLAT! 

A 

) . 

LOAD0035 

1 FLORA! A 

)< TPOOM! 

A 

) < 

QUW ( 

A 

) < 

QUF ( 

A 

) < 

MULT! 

A 

) « 

L0AD0036 

1 I P I C K ( A 

). HTNZ! 

A 

) < 

CFMEX ( 

A 

) 







LOAD036A 

DIMENSION 













LOAD0037 

1 AO < B 

) . WTD! 

B 

) < 

WAD! 

B 

) < 

N VD ( 

B 

) < 

NXD! 

B 

) • 

LOAD0038 

1 NYU ( B 

)< NDD! 

B 

) . 

NAD! 

B 

) < 

SHADD! 

B 

.24) 

. ROGD ( 

B 

) . 

LOAD0039 

1 I SO ( B 

)< A 3 D ! 

B 

) < 

IRF! 

B 

) < 

QSTORD! 

B 

) < 

ICALOt 

B 

) . 

LOAD0040 

1 QN < B 

< 3 ) < DR ( 

B 

.3) 

< SUMN! 

B 

.3) 

< SUMK ! 

B 

« 3 ) « 




LOAD0041 

1 C I MFD ( B 

)< CFMD! 

B 

) 










LOAD041A 

DIMENSION 













LOAD0042 

1 AU< C 

) * W T id ( 

C 

) . 

WAQ( 

C 

) . 

N V 0 { 

C 

> < 

NX3< 

C 

) . 

LOAD0043 

1 NYO( C 

). IVDQ! 

C 

) . 

NAQ! 

C 

) . 

SHADQ ( 

C 

.24 ) 

. ROGQ ( 

C 

) . 

LOAD0044 

1 ISw ( c 

) . ABO ( 

c 

) < 

UQ< 

C 

) < 

QS TORQ ( 

C 

) . 

ICAL.Q < 

C 

) . 

LGA00045 

1 C I NF'U ( C 

) . CF MO( 

c 

) < 

QPERIM! 

C 

) 







LOAD045A 

DIMENSION 













LOA00046 

1 Aw < D 

) « WTO! 

D 

) < 

W A W ( 

D 

) < 

NVW < 

D 

) . 

NXW ! 

D 

) . 

LOAD0047 

1 N Y W ( D 

) < NOW ( 

D 

) < 

NAW! 

D 

) < 

SHADW ( 

D 

. 24 ) 

, ROGW ( 

D 

) . 

LOAD0048 

1 N P W ( D 

). IGLASW! 

D 

) . 

FFWS ( 

D 

) < 

FFWG ( 

D 

) . 

SHACO ( 

D 

) . 

LOAD0049 

1 QST ORC < D 

). QSIORR! 

D 

) < 

ICALW ! 

D 

) . 

SETBK ( 

D 

) . 

BODER! 

D 

) . 

LOAD0050 

1 C I NF W ! D 

)< CFMW! 

D 

) < 

W'PERIM! 

D 

) 







LOAD050A 

DIMENSION 













LOAD0051 

1 RATOS! E 

> . I R ( 

E 

) < 

SXN! 

E 

) < 

SXR ! 

E 

) . 

SYN! 

E 

) . 

LOAD0052 

1 SYR! E 

) 












LOAD0053 

DIMENSION 













LOAD0054 

1 FIHTS! F 

)< ISPCl! 

F 

) < 

ISPC2! 

F 

) < 

FUW! 

G 

) . 

FUF! 

H 

) 

LOAD0055 

DIMENSION 





I 








LOAD0056 

1 . XV< I 

) < YV ( 

I 

) . 

Z V! 

) < 

XX! 

J 

) . 

Y Y < 

J 

) . 

LOAD0057 

1 ZZ ! J 

) < 1 L E r E ( 

K 

) . 










LOAD0058 

I XXX! 3 

.4) , YYY! 

3 

.4) 

< ZZZ! 

3 

.4) 







LOAD0059 

DIMENSION 













LOAD0060 

1 IDO! B , L 

)< N V A 0 { B 

f 

M 

)< X VD ( 

B 

< N 

)< XAD ( 

B 

* M 

<0 ) . 



LOAD0061 

1 TD ( B <100. 3), PAD! B 

1 

M 

)< YVDt 

B 

< N 

)< YAD! 

B 

, m 

*0 > ♦ 



L0AD0062 

1FIDD! L 

) < 



ZVD ( 

B 

* N 

). ZAD! 

B 

. M 

» 0 > 



LOADOOG3 

DIMENSION 













LOAD0064 

1 IDQ! C < P 

)< MV AO! C 

f 

0 

). XVQ ( 

C 

* R 

). XAQ! 

C 

• Q 

» S ) . 



LOAD0065 

i 

PAO! C 

t 

Q 

)< YVQ! 

C 

< R 

)< YAQ! 

C 

. Q 

» S ) . 



LOAD0066 

1 F I DQ ( P 

) < 



ZVQ ( 

C 

, R 

). ZAQ! 

c 

. Q 

. S ) 



L0AD0067 

DIMENSION 













L0A00G68 

I I DW ( D , T 

). N V A w ( 0 

» 

U 

) . XVW ( 

D 

, V 

)< X AW ( 

D 

. U 

. W ). 



LOAD0069 

1 

PAW! D 

t 

U 

)< YVW ! 

D 

. V 

)< YAW! 

D 

. u 

. W ), 



LOAD0070 

1 F I D W ( T 

* ) < 



ZVW! 

D 

< V 

). Z AW ( 

D 

. u 

. W ) 



LOA00071 



TABLE AT (CONT'D) 


MAIN ROUTINE (CONT'D) 








DIMENSION 








LOA00072 

1 RX< E .100) 

, RY < 

E .100) 






LOAD0073 

DIMENSION 








LOAD0074 

1 NVSPt X > » 

PSP( X ) 

. XSP( X . Y 

) , 

rsp* x , Y ) 

. ZSP< X 

, Y 

) LO ADO 075 

DIMENSION 








-LOAD0076 

1 NVA ( Z > » 

PA ( Z ) 

. XA ( Z . AA 

) « 

Y A ( Z , ZZ > 

« 

ZA < Z 

, AA 

) LOAD0077 

DIMENSION 








LOAD0078 

1IHTS ( A . AB) 

» I Gl < A . 

AC ) . ID( A . 

AD) . 

IUW< A , AE ) , 

I UF ( 

A , 

AF) , 

LOAD0079 

1 IW( A . AG) 








LCAD0080 

DIMENSION 








LOAD0081 

1 FFIHTS1 AB) , 

F I Q ( 

AC ) , FID ( 

AD) 

, F IUW ( AE ) 


FIUF ( 

AF ) , 

LOA00082 

1 FIW( AG) 








LOAD0083 

DIMENSION 








LOAD0084 

1 MLOOKD ( AH ) , 

I LOOKD ( 

AH ) . JLOOKD ( 

AH) 





LOAD0085 

DIMENSION 








LOAD0086 

1 MLOOKU ( AI ) . 

1L00KQ ( 

AI ) . jlookq* 

AI ) 





LOAD0087 

dimension 








LOAD0088 

1 MLOOKW ( AJ ) . 

1L00KNI 

AJ ) . JLOOKW < 

AJ ) 





LOAD0089 

MATCON SUBROUTINE 








dimension 


I SHADE ( 

AN, 

AO) 




MATC0006 

SHADOW SUBROUTINE 








dimension 








SHAD0007 

1 XVERTF ( I ) . 

Y VERTF ( 

I ), ZVERTF ( 

I ) 

, IDLETE* K ) 

t 



SHAOOOOB 

1 angle* Ak>. 

XU 

AK). Yl( 

AK ) 

, 211 AK) 




SHADOO 09 

dimension 








SHAD0010 

1 NVERT ( X ). 

PERM ( 

X ) . XVERT ( 

X , 

Y ). Y VERT ( 

x . 

Y ). 


SHAO0011 

1 


ZVERT ( 

X , 

Y ) 




SHAD0012 

DIMENSION 








SHAD0013 

1 IWERTAI Z ). 

PERMA ( 

Z ) . XVERTAt 

z , 

AA ) , YVERTA < 

z . 

AA ) , 


SHA00014 

1 


ZVERT A t 

z , 

AA) 




SHAD0015- 

DIMENSION 








SHAD0016 

1 NVERTS ( AL). 

PERMS ( 

AL), XVERTS ( 

AL , 

AM) ,YVERTS( 

AL. 

AM ) , 


SHAD0017 

I 


ZVERTSI 

AL . 

AM) 




SHAD0018 

DIMENSION 


ISHADE* 

AN , 

AO) 




SHA00019 
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VARIABLE TEMPERATURE PROGRAM GLOSSARY 


A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

V . 


: Number of spaces in building / 

: Number of distinct exterior delayed heat transfer surfaces in 

building 

: Number of distinct exterior quick heat transfer surfaces in 

building 

: Number of distinct exterior windows in building 

: Number of distinct types of exterior heat transfer surfaces in 

building 

: Number of distinct inside heat transfer surfaces in building 

: Number of distinct delayed underground walls in building 

: Number of distinct delayed underground floors in building 

: Number of distinct delayed ceilings in building 

: Number of distinct delayed floors in building 

: Number of distinct delayed furnishings in building 

: Number of distinct types of thermostat schedules 

: Maximum number of exterior delayed heat transfer surfaces in 

a space 

: Maximum number of exterior quick heat transfer surfaces in a 

space 

: Maximum number of exterior windows in a space 

: Maximum number of inside heat transfer surfaces in a space 

: Maximum number of quick underground walls in a space 

: Maximum number of quick underground floors in a space 

: Maximum number of response factor terms for exterior delayed 

heat transfer surfaces 

: Maximum number of response factor terms for delayed ceilings 

: Maximum number of response factor terms for delayed floors 

: Maximum number of response factor terms for delayed furnishings 
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TABLE A2 


VARIABLE TE MPERATURE PROGRAM DIMENSION STATEMENTS 


DIMENSION 

ACE I L ( 

A* 

8) 

VT 

004 

DIMENSION 

AD ( 

B > 


VT 

005 

DIMENSION 

AFLOR ( 

A* 

8> 

\/T 

OOfi 

DIMENSION 

AFN ( 

A) 


VT 

007 

DIMENSION 

AQ ( 

C ) 


VT 

008 

DIMENSION 

AUF ( 

A > 


VT 

009 

DIMENSION 

AUW ( 

A ) 


VT 

010 

DIMENSION 

AW ( 

D ) 


VT 

Oil. 

DIMENSION 

CCAP ( 

A ) 


VT 

012 

DIMENSION 

CFM ( 

A ) 


VT 

013 

DIMENSION 

CRC ( 

I ) 


VT 

014 

DIMENSION 

CRFL ( 

J ) 


VT 

015 

DIMENSION 

CRFU ( 

K ) 


VT 

016 

DIMENSION 

CRX ( 

I » 

T > 

VT 

017 

DIMENSION 

CRZ ( 

I . 

T ) 

VT 

018 

DIMENSION 

DFFRZ ( 

E > 


VT 

019 

DIMENSION 

DFNRZ ( 

E > 


VT 

020 

DIMENSION 

DFURZ ( 

E ) 


VT 

021 

dimension 

ESHT ( 

A > 


VT 

022 

DIMENSION 

ETEMP ( 

A » 

S ) 

VT 

023 

DIMENSION 

FIHTS ( 

F > 


VT 

024 

DIMENSION 

FLORR ( 

A > 


VT 

025 

DIMENSION 

FLRX ( 

J • 

u ) 

VT 

026 

DIMENSION 

FLRZ ( 

J * 

u ) 

VT 

n 27 

DIMENSION 

FUF ( 

- H ) 


VT 

028 

DIMENSION 

FURZ ( 

K * 

V ) 

VT 

029 

DIMENSION 

FUW ( 

G ) 


VT 

030 

DIMENSION 

HCAP ( 

A ) 


VT 

031 

DIMENSION 

HES ( 

A ) 


VT 

032 

DIMENSION 

HRLDL t 

A ) 


VT 

0 33 

DIMENSION 

ICO ( 

A . 

I J 

VT 

034 

DIMENSION 

ID ( 

A . 

M ) 

VT 

035 

DIMENSION 

I DENI ( 

35 ) 


VT 

036 

DIMENSION 

I0EN2 ( 

35 ) 


VT 

037 

DIMENSION 

I0EN3 ( 

35 ) 


VT 

038 

DIMENSION 

I DEN 4 ( 

15 ) 


VT 

039 

dimension 

IDEN5 ( 

15 ) 


VT 

040 

DIMENSION 

IFD < 

A « 

J ) 

VT 

041 

DIMENSION 

IFND ( 

A > 


VT 

042 

dimension 

IHTS ( 

A • 

P ) 

VT 

043 

DIMENSION 

IPLS ( 

A ) 


VT 

044 

DIMENSION 

I POE ( 

12 ) 


VT 

045 

dimension 

IPOS ( 

12' > 


VT 

046 

DIMENSION 

IQ ( 

A * 

C > 

VT 

047 

DIMENSION 

IR ( 

E > 


VT 

048 

DIMENSION 

IRC ( 

I > 


VT 

049 

DIMENSION 

IKF ( 

B ) 


VT 

050 


7 




TABLE A2(C0NT'D) 


DIMENSION 

I RFL 

( 

J 





vr 

051 

DIMENSION 

IRFJ 

( 

K 

) 




VT 

052 

DIMENSION 

ISPC1 

( 

F 

) 




VT 

053 

DIMENSION 

ISPC2 

( 

F 

) 




VT 

054 

DIMENSION 

ISO 

( 

C 

) 




VT 

055 

DIMENSION 

I STT 

( 

A 

) 




VT 

056 

DIMENSION 

ITSLT 

( 

A 

9 

3 

) 


VT 

057 

DIMENSION 

ITSHT 

( 

A 

t 

3 

) 


VT 

058 

DIMENSION 

ITSMC 

( 

A 

t 

3 



VT 

059 

DIMENSION 

ITSMH 

( 

A 

9 

3 

) 


VT 

060 

DIMENSION 

IUF 

( 

A 

♦ 

R 

) 


VT 

061 

DIMENSION 

IUW 

( 

A 

9 

Q 

) 


VT 

062 

DIMENSION 

IVOFF 

( 

A 

♦ 

2 

) 


VT 

063 

DIMENSION 

IVON 

( 

A 

9 

2 

) 


VT 

064 

DIMENSION 

IVS 

( 

A 

) 




VT 

065 

DIMENSION 

IVTSD 

( 

L 

9 

3 

9 

24 ) 

VT 

066 

DIMENSION 

IW 

( 

A 

9 

0 

) 


VT 

067 

DIMENSION 

MULT 

( 

A 

) 




VT 

068 

DIMENSION 

NAME 

( 

80 

) 




VT 

069 

DIMENSION 

INC 

( 

A 

) 




VT 

070 

DIMENSION 

ND 

( 

A 

) 




VT 

071 

DIMENSION 

INF 

( 

A 

) 




VT 

072 

DIMENSION 

MINTS 

( 

A 

) 




VT 

073 

DIMENSION 

NOHIE 

< 

12 

) 




VT 

074 

DIMENSION 

NO 

( 

A 

) 




VT 

075 

DIMENSION 

NSRF 

( 

A 

) 




VT 

076 

DIMENSION 

NUF 

( 

A 

) 




VT 

077 

DIMENSION 

NUW 

( 

A 

) 




VT 

078 

DIMENSION 

NW 

( 

A 

) 




VT 

079 

DIMENSION 

RATOS 

( 

E 

) 




VT 

080 

dimension 

RSRF 

( 

A 





VT 

081 

DIMENSION 

RX 

( 

E 

9 

S 

) 


VT 

082 

DIMENSION 

RY 

( 

E 

9 

S 

) 


VT 

083 

DIMENSION 

RZ 

( 

E 

9 

S 

) 


VT 

084 

DIMENSION 

SIHTC 

{ 

A 

) 




VT 

085 

DIMENSION 

SHT 

( 

A 

) 




VT 

086 

DIMENSION 

SLT 

( 

A 

) 




VT 

087 

DIMENSION 

SMC 

( 

A 

) 




VT 

088 

DIMENSION 

SMH 

( 

A 

) 




VT 

089 

DIMENSION 

SRF 

( 

A 

9 

S 

) 


VT 

090 

DIMENSION 

SRHRT 

( 

E 

) 




VT 

091 

DIMENSION 

TSPAC 

( 

A 

) 




VT 

092 

DIMENSION 

IJQ 

( 

C 

) 




VT 

093 

DIMENSION 

UGW 

( 

D 

) 




VT 

094 

DIMENSION 

VOL 

( 

A 

) 




VT 

095 

DIMENSION 

VTSD1 

( 

L 

9 

3 

9 

24 > 

VT 

096 

DIMENSION 

VTSD2 

( 

L 

9 

3 

♦ 

24 > 

VT 

097 

DIMENSION 

VTSD3 

( 

L 

9 

3 

t ■ 

24 ) 

VT 

098 

DIMENSION 

WOF 

( 

A 

) 




VT 

09 = 

DIMENSION 

WOFN 

( 

A 

) 




VT 

100 
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APPENDIX B 


WEATHER TAPE INFORMATION 



TAPE 

REFERENCE 

MANUAL 


AIRWAYS 

SURFACE 

OBSERVATIONS 


TDF 14 



GENERAL TAPE INFORMATION 


Observations (physical records) are placed on tape in groups (logical 
records) of six. Thus, the 24 observations for each day are contained 
in four logical record groups. Space is always retained on tape for 
24 observations per day with missing observations being coded blank. 

Beginning January 1, 1965 a new program was initiated for most Weather 
Bureau stations reducing the number of hourly observations being punched 
from 24 to 8 per day. These 3-hourly observations are punched in local 
standard time, the hours selected to coincide with the standard inter- 
national synoptic times of OOOOGMT, 0300GMT, 0600GMT, etc. Available 
taped LST observations will therefore vary depending upon the time 
zone at a given station. A few Weather Bureau stations that are specially 
processed and most Air Force and Navy stations continue to be available 
on a 24 observation /day basis. 

The following relationship between tape field and observation time holds 
true for all tapes in this general format: 


Observational Hours 


Tape Field 

Record No 

. 1 Record No. 2 

Record No. 3 

Record No. 4 

101 

00 

06 

12 

18 

201 

01 

07 

13 

19 

301 

02 

08 

14 

20 

401 

03 

09 

15 

21 

501 

04 

10 

16 

22 

601 

05 

11 

17 

23 

Notation of a tape position within a field 

is made according 

to the 

following example: 




105 

(-0) = 

units position of 

wind speed 


105 

(-1) = 

tens position of ' 

wind speed 


105 

(-2) = 

hundreds position 

of wind speed 


These notations 

hold true 

for all fields. 



Each record within the record group consists of 80 character 

positions. 

including those 

for hour. 

and the position 

for record mark at the end 

of each record. 

Six such 

records, plus the 

record-group identification 
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fields of 15 character positions, make up the record group, 495 characters 
in length. The fields within the first observation of the record group 
are referred to as fields 101 through 135, those of the second observation 
as 201 through 235, etc., up to the sixth and last observation, where the 
fields are numbered 601 through 635. Later in this manual, the coding of 
each meteorological element is described in detail. All references are 
made to fields 101 through 135, or to the fields of the first observation 
of each record group. These references apply by extension to fields 
201-235, 301-335, etc., respectively, to the corresponding field or element 
of any observation within the record group. Following the record mark in 
the last observation of the record group is the inter-record gap. 

The ideal standard tape form would be a coded observation wherein every 
element is reduced to a single method of representation, regardless of 
source or original coding scheme. In any actual data family ( a group 
of relatively homogenious weather observations such as surface observa- 
tions in all their various forms, that have been assimilated into a more- 
or-less common format); however, this can be accomplished only to a limited 
degree. Elements reported in numeric values, such as wind speed, temperature, 
and pressure, may be reduced to a common form, e.g., knots, fahrenheit, 
millibars. But, elements reported by discrete definitions within code 
tables, are not always so compatible; examples of these are sky condition 
and cloud types. By combining all such code tables for a single element 
into an expanded table containing all definitions, one may approach a 
uniform code, but in use of such tables one must remember how they were 
derived. If the combined code contains a value for "high obscuration"; 
for example, one may tabulate the observations for a station and find 
no occurrence of "high obscuration", not because it never occurred, but 
because at the time the observations were recorded, no provision was made 
in the observing instructions to define a "high obscuration". 

This reference manual has been compiled mainly for the person whose primary 
need is to use the various meteorological parameters as they appear on 
tape, and who is not vitally concerned with the myriad coding and observ- 
ing vagaries inherent in these data. 

Sufficient tables have been included to enable the user to adequately 
define the codes found on these tapes. Those desiring more detailed 
coding and/or observing information may use this manual in conjunction 
with the appropriate Card Deck reference manual (Card Decks 141,142,144). 
Observations are on 7 channel tape, written in the BCD mode at 556 BPI. 

A This symbol represents a blank or no punch condition. 

X-punch (11 punch). 

* ) Whenever an invalid configuation appears it means that the 

A* / punched card values did not conform to the standard report - 

AA* ) invalid i n g requirements and therefore were unacceptable for 
AAA* ( conversion to tape. 
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The following octal configurations are applicable to tapes in the TDF 
14 series: 


Octal 

Card Punch 


Octal 

Card Punch 

01 

1 


61 

A (12,1) 

02 

2 


62 

B (12,2) 

03 

3 


63 

C (12,3) 

04 

4 


64 

D (12,4) 

05 

5 


65 

E (12,5) 

06 

6 


66 

F (12,6) 

07 

7 


67 

G (12,7) 

10 

8 


70 

H (12,8) 

11 

9 


71 

I (12,9) 

12 

0 


72 

& (12,0) 

20 

Blank 




40 

-(11) 




41 

J (11,1) 




42 

K (11,2) 




43 

L (11,3) 




44 

M (11,4) 




45 

N (11,5) 




46 

0 (11,6) 




47 

P (11,7) 




50 

Q (11,8) 




51 

R (11,9) 




52 

(11,0) 




54 

* (11,8,4) 
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3 
































































IDENTIFICATION FIELDS 


FIELD 001 
14 XX 


FIELD 002 

xxxxx 

FIELD 003 
XX 

FIELD 004 
XX 

FIELD 005 
XX 

FIELD 101 
XX 


Tape Deck 

14 = Primary indicator for observations in this standard 
format . 

XX = Arbitrary numbers assigned to each tape deck and 
usually are indicative of the punched cards from 
which the tapes were generated. 

i.e.: 1440 = Tape deck 1440 generated from card 

deck 144. 

1420 = Tape deck 1420 generated from card 
deck 142 etc. 


Station Number 

A five digit number used to identify each individual 
station. These station identifiers are referred to as 
WBAN numbers and are permanently assigned for each re- 
porting station. 

Year 

Last two digits of the year. The first two digits are 
an implied 19. 

Month 

Recorded as the numbered month of the year. 01 = Jan., 

02 = Feb., 12 = December. 

Day 

Recorded as the numbered day of the month, from 01 
through 31. 

Hour 

Hour is based on the 24-hour clock and is recorded as 00 
through 23. Times are Local Standard Time unless documenta- 
tion to the contrary is provided. 
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OBSERVATIONAL FIELDS 


FIELD 102 - Ceiling 

iXXX i = identifier: = clear, scattered conditions 

or ceiling above 20,000 feet. 

A = clear, scattered conditions 
or partial obscuration. 

XXX = ceiling in hundreds of feet, 
except : 

888 = ceiling formed by cirroform 
clouds of unknown height. 

999 = unlimited ceiling. 

AAA = unknown 

AA* = invalid 

FIELD 103 - Visibility 

iXXX i = identifier: always blank 

XXX = visibility in coded statute miles or fractions thereof. 

VISIBILITY TABLE 


Tape Code 

Visibility 

Tape Code 

Visibility 

000 

0 miles 

017 

1-1/2 miles 

001 

1/16 

018 

1-5/8 

002 

1/8 

019 

1-3/4 

003 

3/16 

020 

2 

004 

1/4 

024 

2-1/4 

005 

5/16 

027 

2-1/2 

006 

3/8 

030 - 090 

3-9 miles in 

007 

1/2 


increments of 1 mile. 

008 

5/8 

100 - 950 

10-95 miles in 

009 

3/4 


increments of 5 miles. 

010 

1 

990 

> 100 

012 

1-1/8 

999 

unlimited 

014 

1-1/4 



016 

1-3/8 
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FIELD 104 - Wind Direction 
(See also FIELD 133) 

XX Direction from which the wind is blowing, based on the 16 

point compass. 


WIND DIRECTION TABLE 


Tape Code 

Direction 

Degrees 

11 

North 

349-011 

12 

North -Northeast 

012-033 

22 

Northeast 

034-056 

32 

East -Northeast 

057-078 

33 

East 

079-101 

34 

East -Southeast 

102-123 

44 

Southeast 

124-146 

54 

South-Southeast 

147-168 

55 

South 

169-191 

56 

South-Southwe st 

192-213 

66 

Southwest 

214-236 

76 

West-Southwest 

237-258 

77 

West 

259-281 

78 

West -Northwest 

282-303 

88 

Northwest 

304-326 

18 

North-Northwest 

327-348 

00 

Calm 


AA 

Unknown 


A* 

Invalid 
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FIELD 105 - Wind Speed 

XXX Wind Speed in knots. 

NOTE: In all cases where position 105 (-0) is a numeric code, it 
is signed plus, as a device for separating Field 105 from 
106. This does not apply if the position is coded A or *.‘ 

XXX = 000-199 = calm to 199 knots. 

AAA = Unknown 

AA* = Invalid 

FIELD 106 - Dry Bulb Temperature 

XXX Dry bulb temperature in whole degrees fahrenheit. 

NOTE: Position 106 (-0) is signed plus for all positive tempera- 
tures and minus for all negative temperatures. 

AAA = Unknown 

AA* = Invalid 

FIELD 107 - Wet Bulb Temperature 

XXX Wet bulb temperature in whole degrees fahrenheit. 

NOTE: Position 107 (-0) is signed plus for all positive tempera- 
tures and minus for all negative temperatures. 

AAA = Unknown 

AA* = Invalid 

FIELD 108 - Dew Point Temperature 

XXX Dew point temperature with respect to water, in whole 

degrees fahrenheit. 

NOTE: Position 108 (-0) is signed plus for all positive tempera- 
tures and minus for all negative temperatures. 

AAA = Unknown 

AA* = Invalid 

FIELD 109 - Relative Humidity 

iXXX Relative humidity, with respect to water, expressed in 

whole percent . 

i ■ Indicator of the method used to convert dewpoint temperatures 
and relative humidity percentages, with respect to water, when 
in certain cases these values were originally computed with 
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respect to ice. With the possible exception of research 
involving detailed psychrometric investigation this in- 
dicator has little significance and therefore is not 
explained further in this manual. 

FIELD 110 - Sea Level Pressure 

XXXXX Atmospheric pressure reduced to sea level and expressed 

in whole millibars and tenths. 

FIELD 111 - Station Pressure 

XXXX Atmospheric pressure at the elevation of the station, 

expressed in inches to hundreths of mercury. 

FIELD 112 - Sky Condition 


iXXXX 


i 


XXXX 


A descriptive symbolic coding of the state of the sky, 
referring in general to the amount of the celestial dome 
covered by clouds or obscuring phenomena. 

Indicator referring to method of coding. Usually this 
position contains an eleven punch prior to June 1951 

and is blank from June 1951 onward. 

Sky condition symbols and/or heights of scattered clouds. 


SKY CONDITION TABLE 


i Code 

Symbol 

Sky Condition 

0 

o 

Clear or less than 1/10 sky 

1 

-CD 

cover 

Thin scattered 1/10-5/10 sky 

2 

0 

cover 

Scattered 1/10-5/10 sky 

3 


cover 

Dark scattered 1/10-5/iO sky 

4 

-CD 

cover 

Thin broken 6/10-9/10 sky 

5 

CD 

cover 

Broken 6/10-9/10 sky 

6 


cover 

Dark broken 6/10-9/10 sky 

7 


cover 

Thin overcast 10/10 sky cover 

8 

9 

+1 

Overcast 10/10 sky cover 

Dark overcast 10/10 sky cover 

— 

X 

Obscuration 

A 

-X 

Partial obscuration 
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In the combinations listed below, the four-digit field represents the 
complete sky condition report. The letter "d" represents a digit from 1 
through 9, "hh" represents digits used for coding height of scattered layer 
reported in position 112 (-0), "0" indicates zero, indicates zone -X, 
and "b" represents blank coding. 

Sky Condition Before June 1951 





CODE 


112 (-2) 

112 (-1) 

112( -0) 

CODE DEFINITION AND REMARKS 

D 


X 

X 

X 

Obscuration reported alone 

m 

0 

X 

X 

0 

Clear Sky (or less than 1/10 sky 
cover) 

imm 

0 

X 

X 

Blank 

Thin obscuration reported alone 


0 

X 

X 

4-9 

One symbol reported, not scattered, 
obscuration, or thin obscuration 

Ohhd 

0 

QB 

Hi 

1-3 

One symbol reported, scattered 

d-~ 

m 

X 

X 

X 

Obscuration reported as the lower 
of two symbols, the higher one not 
obscured. * 


4-9 

X 

X 

Blank 

Thin obscuration reported as the 

lower of two symbols, the higher 
one not obscured 


4-9 

X 

X 


Two syijibols renorted, the lower 
not be me scattered 

dhhd 

1-9 

00 thru 
and 99 

95 

1-3 

Twp symbols reported, the lower 
being scattered 

— 

X 

X 

X 

X 

Obscuration reported above 
obscuration 

Hi 

X 

X 

X 

Blank 

Obscuration reported above thin 
obscuration 


X 

X 

X 

m 

Obscuration reported as the higher 
of two symbols, the lower one not 
scattered or obscured 


X 

00 thru 95 
and 99 

1-3 

Obscuration reported as the higher 
of two symbols, the lower one being 
scattered 


Height of Scattered Clouds 


CODE 

CODE DEFINITION 

REMARKS 

00-95 

0 to 95 hundred feet 

Recorded in hundreds of feet to 
nearest 100 feet up to 5000 feet, to 
nearest 500 feet up to 9750 feet. 
Height in positions 112(-2 and -1) 
always applies to the scattered layer 
reported in position 112 (-0). 

99 

10,000 feet or higher 

Hi 

No lower scattered 
clouds 

■sinnjm 

Invalid 

bb 

Unknown 
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Sky Condition Before June 1951 


CODE 

PUNCH CODE POSSIBILITIES 

CODE DEFINITION AND REMARKS 

112(-3) 

112( -2 ) 

112( -1) 

112( -0) 

b 

Blank 

X 

X 

X 

Ihin obscuration reported above 
ob scurat ion 


Blank 

— x 

— x 

Blank 

Thin obscuration repbrxed aboVS 
thin obscuration 

b— d 

Blank 

X 

X 

4-6 

Thin obscuration reported as the 
higher of two symbols, the lower 
one be ins not scattered arobsrured 

bhhd 

Blank 

00 thru 95 
and 99 

1-3 

Thin obscuration reported as the 
higher of two symbols, the lower 
one being scattered 

«• K •« 

_ ... 


it 

A 

A 

If any position was punched 
invalid (*), the entire field was 
coded **** 

bbbb 

Blank 

Blank 

Blank 

Blank 

Unknown 


Reporting and Coding Beginning in June 1951 

Four positions were allowed for punching sky condition, which were 
reproduced to tape as punched. Beginning in June 1951, the concept of 
sky condition reporting changed. Instead of reporting two symbols, in 
descending order, with height of scattered cloud , the report now consisted 
of as many symbols as necessary to describe the sky, in ascending order. 

As many as four such symbols were punched, the remaining Dositions being 
punched zero if fewer than four symbols were reported. If more than four 
symbols were reported, the first three and the last symbols were punched, 
unless the symDol specifying the ceiling was thereby excluded; in that 
case, the first two symbols were punched in the two left positions, the 
ceiling symbol in the third position, and the highest symbol in the fourth 
(right) position. 

Also at that time, the definition of the symbol "-X" was changed from 
thin obscuration to partial obscuration and by definition, all obscurations, 
both full and partial, are surface based. Obscurations above the ground 
were reported as scattered, broken, or overcast, depending upon their amounts. 

The digits from 0 to 9 continued with the same definitions as befcre. 
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Sky Condition Beginning June 1951 


. CODE 




1 112( -3) 

BB5BH 

IIUBI 

ftiy&u 

CODE DEFINITION ANn RFMARVS 

0000 


0 

0 

0 

Clear sky (or less than 1/10 covered) 

dOOO 


0 

0 

0 

One synfcol reported, but not obscu- 
ration or partial obscuration 

ddOO 

IUH 

m 

1 

0 

Two symbols reported, but not obscu- 
ration or partial obscuration 

dddO 

HI 

m 

m 

0 

Three symbols reported, but not 
obscuration or partial obscuration 

dddd 

iH 


m 

lit 

Four symbols reported, but not 
obscuration or partial obscuration 

-000 

X 

0 

0 

0 

Obscuration (10/10 hidden by 
surface based phenomena) 

bOOO 

Blank 

0 

0 

0 

Partial obscuration, and no other 
symbol 

bd00 

Blank 

m 

0 



0 

Partial obscuration and one other 
symbol 

bddO 

Blank 

Hi 

■ 

0 

Partial obscuration and two other 
symbols 

bddd 

Blank 

r 9 

- 

Hi 

Hi 

Partial obscuration and three 
other symbols 

b-00 

Blank 

X 

0 

0 

Partial obscuration below 
obscuration 

d-00 

1-7 

X 

0 

0 

Obscuration above one layer 

dd-0 

1-7 

bhssh 

X 

0 

Obscuration above two layers 

E59H 

1-7 

1-7 

1-7 

X 

Obscuration above three layers 


A 


ft 

ft 

If any position was punched 
invalid (*), the entire field was 
coded 

bbbb 

Blank blank I 

Blank 

Blank 

Unknown 


FIELDS 113-128 - Clouds 

Provision is made in the standard tape form for coding Amount, type, and 
height of as many as four cloud layers plus total amount and total opaque amount, 
as well as summation amounts at the second and third layers. Twenty-four 
character positions are set aside for the cloud fields in accordance with the 
following outline, comprising sixteen fields. 


1 

CLOUDS 

i 

rn 

□ 

1 1st | 

[ 2nd | 

| 3rd | 

1 ^th i 

pi 

sa 

31 

Bl 

EM 

PI 

m 

Cl 

Bl 

m 

Bl 

mm 

m 

Efl 

m 

mm 

n 

□ 

□ 



□ 

□ 



□ 

□ 


□ 

□ 

□ 



2 3 2 S r* ® <n ohcnco * t- co 

d j q H iH fH r-| CM CM CM tM CM CM CM CM 


Cloud Fields 


Clouds are reported in four layers, plus fields for the total amount 
and the total opaaue amount a t and a respectively. Amounts, types and 
heights are indicated by symbols a, t, and h respectively; the layers 
are indicated by subscripts. Summation amounts at the second and third 
layers are indicated by Eg respectively. 
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CLOUD AMOUNT TABLE 


The same coding system is used for cloud amount, whether applying to total 
amount, amount for individual layer 1 , summation amount, or opaque amount. 


Tape Code 


Definition 


0 

1-5 

6-9 

II _ If 


Clear or less than 1/10 
Scattered or 1/10 through 5/10 
Broken or 6/10 through 9/10 
Overcast or > 9/10 


CLOUD TYPE TABLE 


The same coding system is used for cloud type in all four positions reportable. 
Note that X- overpunch in g was used in the punch card codes, resulting in alpha- 


betic codes for some types. 

Tape Code 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 
K 
M 
N 
0 
P 
R 

tl II 


Definition 

None 

fog 

Stratus 

Stratocumulus 

Cumulus 

Cumulonimbus 

Altostratus 

Altocumulus 

Cirrus 

Cirrostratus 

Stratus Fractus/Fractostratus 
Cumulus Fractus/Fractocumulus 
Cumulonimbus mamma 
Nimbostratus 
Altocumulus castellanus 
Obscuring phenomenon 
Obscuring phenomenon 
other than fog 
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CLOUD HEIGHT TABLE 


Tape Code 
000-999 

888 

AAA 

AA* 

Heights are recorded in hundreds of feet 
manner: 


Definition 

0 to 99,900 feet (in hundreds 
of feet) 

None (no clouds for which a 
height could be reported)* 

Partial obscuration when 
appearing in field 117 and 
field 116 is coded 

Cirroform clouds of unknown 
height . 

Unknown 

Invalid code 


above station level in the following 


Nearest 100 ft. 
Nearest 500 ft. 
Nearest 1,000 ft. 


Surface to 5,000 ft. 

Between 5,000 and 10,000 ft. 
Above 10,000 ft. 
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129 - 132 - Atmospheric Phenomena Tape Code 

Taken as a whole, the 8 positions may show the absence of all listed 
atmospheric phenomena, if coded as follows: 


Position 

Code 

Code Definition 

129 (-0) 

0 

No thunderstorm, tornado, or squall 

130 (-1) 

0 

No rain, rain showers, or freezing rain 

130 (-0) 

0 

No rain squalls, drizzle, or freezing drizzle 

131 (-2) 

0 

No snow, snow pellets, or ice crystals 

131 (-1) 

■a 

No snow showers, snow squalls, or snow grains 

131 (-0) 

n 

No sleet, hail, or small hail 

132 (-1) 

0 

No fog, ice fog, ground fog, blowing dust, or 
blowing sand 

132 (-0) 

0 

No smoke, haze, dust, blowing snow, or blowing spray 


Wind Phenomena — Position 129 (-0) 


Tape Code 


SMI 


Code npfinition 

0 


No thunderstorm, tornado, squall, or other listed 
phenomena 

m 

T 

Thunderstorm 

2 

T+ 

Heavy thunderstorm 

3 

TORNADO 

Tornado (Report of tornado or waterspout never 
abbreviated) 






























Wind Phenomena - - Position 129 (-0) (Cont'd) 



Liquid Precipitation (No. 1) - - Position 130 (-1) 


Tape Code 


Code 

1 

Code Definition 

0 


No rain, rain showers, or freezing rain 


R- 

Light rain 

2 

R 

Moderate rain 

3 

R+ 

Heavy rain 

a 

RW- 

Light rain showers 

5 

RW 

Moderate rain showers 

6 

RW+ 

Heavy rain showers 

m 

ZR- 

Light freezing rain 

8 

ZR 

Moderate freezing rain 

9 

ZR+ 

Heavy freezing rain 

m 


Unknown 

m 


Invalid 









































Liquid Precipitation (No. 2) - - Position 130(-0) 


Tape Code 


Code 

Symbol 

Code Definition 

0 


No drizzle , freezing drizzle » or rain squalls 

1 

RQ- 

Light rain squalls 


HQ 

Moderate rain squalls 

3 

RQ+ 

Heavy rain squalls 

4 

L- 

Light drizzle 

5 

L 

Moderate drizzle 

6 

L+ 

Heavy drizzle ' 

7 

ZL- 

Light freezing drizzle 

8 

ZL 

Moderate freezing drizzle 

9 

ZL+ 

Heavy freezing drizzle 

b 


Unknown 

* 


Invalid 
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Frozen Precipitation (No. 1) - - Position 131 (-2) 


Tape Code 


Code 

Symbol 

Code Definition 

0 


No snow, snow pellets, or ice crystals 

1 

S- 

Light snow 

2 

S 

Moderate snow 

3 

S+ 

Heavy snow 

mm 

SP- 

Light snow pellets 

5 

SP 

Moderate snow pellets 

6 

SP+ 

Heavy snow pellets 

7 

IC- 

Light ice crystals 

8 

IC 

Moderate ice crystals 

9 

IC+ 

Heavy ice crystals 

b 


Unknown 

* 


Invalid 


Frozen Precipitation (No. 2) - - Position 131 (-1) Tape Code 


Code 

Symbol 

Code Definition 

0 


No snow showers, sncw grains, or snow squalls 

1 

SW- 

Light snow showers 

2 

SW 

Moderate snow showers 

3 

SW+ 

Heavy snow showers 

in 

E 

Light snow squall 

5 

SQ 

Moderate snow squall 

6 

SQ+ 

Heavy snow squall 

MU 

SG- 

Light snow grains 

8 

SG 

Moderate snow grains 

9 

SGt 

Heavy snow grains 

wa 


Unknown 

n 


Invalid 
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Frozen Precipitation (No. 3) - - Position 131 (-0) Tape Code 


Code 

Symbol 

Code Definition 

0 


No sleet, hail or small hail 

1 

E- ,EW- 

Light sleet or sleet showers 

2 

E, EW 

Moderate sleet or sleet showers 

3 

E+,EW+ 

Heavy sleet or sleet showers 

4 

A- 

Light hail 

5 

> 

_____ 

Moderate hail 

6 

A+ 

Heavy hail 

7 

AP- 

Light small hail 


AP 

Moderate small hail 

9 

AP+ 

Heavy small hail 

b 


Unknown 

* 


Invalid 


Obstructions to Vision (No. 1) - - Position 132 (-1) Tape Code 


Code 

Symbol 

Code Definition 

0 


None listed below 

-1 

F 

Fog 

2 

IF 

Ice Fog 

3 

GF 

Ground Fog 

4 

BD 

Blowing dust 

5 

BN 

Blowing sand 

6 



n 



8 



9 



b 


Unknown 

* 


Invalid 
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Obstructions to Vision (No. 2) - - Position 132 (-0) 


Tape Code 


Code 

Symbol 

Code Definition 

0 


None listed below 

1 

K 

Smoke 

2 

H 

Haze 

3 

KH 

Smoke and haze 

mm 

D 

Dust 


BS 

Blowing snow 

6 

BY 

Blowing spray 

7 



8 



9 



b 


Unknown 

& 


Invalid 


Conversion Procedures for Deck 144 


Atmospheric phenomena as punched in Deck 144 are the model for the standard 
tape form. Therefore, the element was reproduced as punched, with but minor 
editing. Each card column was reproduced without consideration of the field 
as a whole, and edited for the valid codes in each, as are shown in the 
standard tape code. Columns punched with codes other than those described as 
a valid meteorological report were reproduced to tape as invalid, and 

blanks were coded "A". 
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FIELD 133 


Special Positions 


XX Beginning January 01, 1964, wind directions 

were reported in tens Of degrees, based on a 
36 point compass. These values are entered 
in this field while directions converted to 
the 16-point scale are entered in field 104. 
Analogous coding is done for the remaining 
related fields of wind speed within each logi- 
cal record. 


The conversion procedure used was: 

36 Pt . 

35-01 
02-03 
04-05 
06-07 
0 8-10 
11-12 
13-14 
15-16 
17-19 
20-21 
22-23 
24-25 
26-28 
29-30 
31-32 
33-34 


to 16 Pt . 

11 

12 

22 

32 

33 

34 
44 

54 

55 

56 
66 

76 

77 

78 
88 
18 


FIELD 134 


Special Positions 


XXX The three positions in this field are not 

required for data in Deck 144. These 
positions are blank and may be used for 
future data requirements. 


FIELD 135 


Record Mark 


X 


The record mark follows the observation to 
indicate the end of the record. 


APPENDIX C 


SIMPLIFIED INPUT FORMS 


Note 

Input forms for Loads and 
System Simulation are 
available. 



«SC! 


INPUT FORM LC1 general 

GENERAL NOTES : These input forms have been 
developed such that, with a few exceptions 
regarding building material properties, 
external references will not be required. 


NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 


Unless otherwise noted, all input 
data are real numbers. The program 
is designed to by-pass unneeded portions 
of input only. 



THERMAL LOAD ANALYSIS 


Twenty-two (22) input cards are required 
to execute the program. These are noted 
by an "R" at their extreme right. 


(Alpha numeric data may be entered in* ' j 
input card types Ll,LS.) j i t 

1 I 2 1 3 1 4 Is | 6 I 7 I B I 9 Il0|ll|l2ll3 ji4 IlS ]lS|i7|l8i|9[20[21 ' 22|23 '24 1 25 126 12 7 1 2 8|29 130 ' 3 1|32 13 3 134 j 3f SS|jT 


FACILITY NAME 


i i a i n 

! ! i 


Also SI 5! 55 54 55 55 57 51 55 U «I 52 (3 54 55 55 57 55 59 It 71 172:73 74|75 76 77 78 79 80 

1 ■ I ; 1 i i 

i lii I ! ; i I 
























NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 




job nernt 
date 


INPUT FORM L02 analysis parameters 

DESIGN LOAD ANALYSIS PARAMETERS 


PACE Of 


THERMAL LOAD ANALYSIS 


(IF CODE = 3, do not include L8 type cards) 



HOURLY ENERGY ANALYSIS PARAMETERS 


(IF CODE = l,do not include L9 type cards) 






INDEX 



1 2i3 Use 


3 AM 4 AM 5 AM 6 AM 7 AM 8 AM , 9 AM 10 AM l'l AM ’j; 1 PM 2 PM 3 PM VI PM 5 PM 6 PM '7 PM 8 PM 9 PM 10 PM 11 PM J® 1 ®" Card Index 

] NUUN ' NIGHT 

7 1 1 1 9 lollt Il2 13 lu lie lsflTlia 19120 21 2273 21 25 26171 2829 30 TT'32 133 34|35[3S 37:38 39 40 41 42 43 44.45 146 47 It I9 50.S1 52 l 53l54 5SI56S7 SB 59 60 S1I62 S3 S4ICSISE S7IMIS9 70171772 731 741 75| 7C|77|7I I7JII0 


WHEN CARD LI 3 IS USED, IT MUST IMMEDIATELY FOLLOW THE FIRST CARD L12 REFERENCING IT. 











INPUT FORM L04 


NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 


COMMON SHADING 


job name 
I date 


PAGE 


, OF 


THERMAL LOAD ANALYSIS 



If there are no common shading surfaces 
do not include card type LI 5 & 116 

DEFINITION OF COMMON SHADING SURFACES (May be long or short form) 


No. Vertices 

Tr« 

0 

1 

insmi ttance 
Opaque) to 
near.L 




Card Index 

i 

2 

H 

Jl 

I 

6 

7 

Jl 

9 

10 

» 

12 

13 

14 15 

1! 

17 

1 8 1 1 9 J20 

n 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


33 

3. 

33 

36 

37 

38139 

«0 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

53 

50 

61 

62 

63 

64 

65 

66 6 

7 61 

69 

70 

71 J72 

73 74 757677 78 ‘79 80 
' ' 1 .- r 

















, 


— 
















L 








_ 









_ 















L 1 

■ 1 1 i 1 | 

i . - ■ i : ' ! 


VCRTICE COORDINATES (FEET) 

Height 

(FT) 

Width 

(FT) 


Surface 
nuth (OEG) 

Ti3t Angle 
(OEG) 

Card Index 

* 

V 

z 

A 

zir 

a 

1 

2 

3 

4 

5 

6 

Liii. 

9 

10 

11 

12 

13 

14 

J] 

16|17 

a 

,9 l!° 


22|23 

24 

25 

26 

27 

28 

29|30 

31 


33 

3l|35| 3 6|37|38|39|40 

4 M2 ,43 144 45145,47143 49 50 

5i;52 

54 : 5 5 56 57 58 5 9 : 80 

1 1 _ 

61|62|63|64|65 66|67|6B|69|70 

71172 

73 j 74 j 75 

"76[7?"|71 

79 80 







I 







1 

I 

1 



1 

J 

1 






1 




lJ i- 



J 


; : r ^ 




4 i 

l!i 

L 

6 ! 

! 








u 
















L 






! 





I : 1 


n 1 

j i i u-i-. 




1 1 1 ; 



• 

i ) : • 1 ; ; 


j 

l j 























7 






.... 




i | J ] 1 


-i—i 

..jj M u 

1 



I i 



_ 


*--»■ ■ j r i r 1 

i : : : i 





i 









L 





1 







_ 







1 






j 

i 



j 1 

1 





\ '■ ' 

1 

'^TT 









1 

























i i 1 ; 


.. ! 1 : : . i • . 


i 


1 : 



LI 



• ; , 


1 i ' 


j 






L 

rr^ 

• 





a * 



















i : i ■ i 








| 

i ! ; : 1 


i 


u 


1 






i i 

L— 

L 

_ 

_ 

-Li. 

: 1 


L_ 






_ 


1 i 

"1 

^1— 

_ 

h i u i r. 

_i JJJJJ 



r 

1 n 





1 


1 


i 

± 


(If more cards are required 


use an Added Shading Continuation Form.) 



Non,la1 SHORT FORM 


X-Axis 



NOTES : 

SHORT FORM - All columns apply. 

No. Vertices equals 1.0 .. 

X,Y,Z coordinates refer to 
lower left hand corner 
of rectangular surface 
when viewed from outside. 


LONG FORM - No. vertices .transmittance factor 

X,Y,Z coordinates, and card index apply. 
No. vertices should be indicated only, 
on first vertex card. 






NECAP 

NASA’S ENERGY-COST ANALYSIS PROGRAM 



INPUT FORM L05 


RESPONSE FACTORS 


feu 


PAGE Of 


THERMAL LOAD ANALYSIS 



order of appearance. Hence, all standard 
surface types will be before non-standard 
surface types. SEE INPUT FORM L07 FOR 



Repeat card types LI 9 S LEO for each 
non-standard response.factor type. 



Program. 
















NECAP 

NASA’S ENERGY-COST ANALYSIS PROGRAM 



INPUT FORM L06 delayed surfaces 

OELAYEO 

SURFACE No. LABEL 


THERMAL LOAD ANALYSIS 


REPEAT THIS INPUT FORM FOR EACH 
DELAYED SURFACE 


Ground Reflectivity 
Facing Surface 





DELAYED SURFACE GEOMETRY. (May be long form or short form) .* 


VERTICE CO-ORDINATES (FEET) 


*See input form L07 for roughness index code. 


Hidth (FEET) 

Azimuth Angle(DEG) 

Tilt Angle(DEG) 

Card Index 



I 

i in ■ ii 1 1 1 in iiii ■■ 1 1 ii ■ I giign n ii i i i : : ■■ 111 1 1 

■I ■ ■■■■■■■■■giii i uigi ■■■■■iiiii ■■■■ 

i 




deleted common shading surface indices. 

(Index is defined by order of appearence, Input form L04. ) (If there are no deleted common, skip L25.) 

T~1 2 1 3 | 4 |s l6|7|»|9|lo|u|l2|li|Hll5|n|u|l8|l3|Zo|2l|;2|i3|ZijZ5|26j2;|2»|23 |3[)|3lj]Z|33 | 3<j35|3S 137 1 38 | 33|«|4Ijl 2|l3[H|«5|t6j47|4ij»|50|Sl|5z|53|if|55|56|57 




ADDED SHADING SURFACES (May be long or short form) 


Transmittance 
No. Vertices 0. ^O^iaque) to 


(If there are none, skip card type L26 and L27) 


I 71j;2[~7 3)74;7 



IF SURFACE SHADING IS NOT CONSIDERED, USE SHORT FORM AND LEAVE X,Y,Z COORDINATE 
BLANK. COMPUTER HILL THEN AUTOMATICALLY LOCATE SURFACE AT ORIGIN. 


USE ADDITIONAL L26 AND L27 CARDS ARE REQUIRED. 
SEE ADDED SHADING CONTINUATION FORH. 






















NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 



INPUT FORM L07 


DELAYED SURFACES 


THERMAL LOAD ANALYSIS 


cmc r* txrnia swau rriiia 



QUICK HEAT TRANSFER SURFACES 














































INPUT FORM L08 quick surfaces 


QUICK SURFACE Ho. LABEL 


Surface Exterior Ground Reflectivity 

Absorptivity Facing Surface 


NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 


*Does not include exterior air film 





THERMAL LOAD ANALYSIS 


Repeat this input form for each Quick Surface 
































QUICK SURFACE PICTURE DEFINITION 














NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 



INPUT FORM L10 glazed surfaces 


GLAZED 

.SURFACE NO LABEL 


THERMAL LOAD ANALYSIS 


REPEAT THIS INPUT FORM FOR EACH GLAZED SURFACE 


Window/ sky 
Form Factor 






No. Vertices 
In Surface 


GLAZED SURFACE GEOMETRY. (May be long form or short form) 


VERT ICE CO-ORDINATES (FEET) 


No. Shading Surfaces No. Panes of Glass 
Added to Surface (l.,2.) 




Tilt Angle 
(DEG) 





(If there are none, skip card type L44 and L45) 





VERTICE CO-ORDINATES (FEET) 



Height (FEET) Width (FEET) 

Z7|z8[29;3o|31.3f33r3*T3S I 36|3J 30 !39 *0 < M2T<3(M,<5|46|i7|<8~49 50 



Tilt Angle 
(DEG) 


il|6Z [S3 [64 [65~ M[67|68 Jh] 7o| 71 [7Z| 73 . It 1 i ] 7't]77]7» '79 13 



IF SURFACE SHADING IS NOT CONSIDERED, USE SHORT FORM AND LEAVE X.Y.Z COORDINATE 
BLANK. COMPUTER WILL THEN AUTOMATICALLY LOCATE SURFACE AT ORIGIil. 


USE ADDITIONAL L44 AND L45 CARDS AS REQUIRED. 
SEE ADDED SHADING CONTINUATION FORM. 




















NASA'S ENERGY-COST ANALYSIS PROGRAM 


INPUT FORM Lll glazed surfaces 


PAGE OF 


THERMAL LOAD ANALYSIS 


No. Glazed 
Surface Pictures 




GLAZED SURFACE PICTURE DEFINITION 


Hour of Day Surface Index 


HHII jjHHM|| 

HI 


Card Index 


!■■■■! 


j|||||immiiiijgiiim| 


k*» VS TRANSMISSION AT NORMAL INCIDENCE FOR 
SINGLE SHEET GLASS 


■■■■■■III 


CODE FOR THICKNESS TIMES 
EXTINCTION COEFFICIENT 


1/8" sheet 
k*l = 0.10 
k*t = 0.15 
k*l = 0.20 


= 0.40 
k* t = 0.60 

501 transparent H.A. plate 
k*l = 1.00 















INDEX 


NECAP 

NASA’S ENERGY-COST ANALYSIS PROGRAM 



INPUT FORM LI 2 


INTERNAL SURFACES 


job name 

d... | MM * 


THERMAL LOAD ANALYSIS 


No. Internal Heat 
Transfer Surfaces 




1 2 3 4 5 6783 10 




T 

fr;* * 


uni 




117 




2J24 


2IUI 


2«» 




M 


n|j«»7 






45 45147 


f iin . 


M 


»N«7tJI, 


'55|5«j51|g|tl|54|55|54|47|M|<5|7|| ;i|77|73 
L '4 8 


Card Index 


75 77171 175 50 


IF THERE ARE NO INTERNAL HEAT TRANSFER 
SURFACES, SKIP CARD TYPE U9. 


^Includes air films on both sides. 









NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 


INPUT FORM L13 underground surfaces 

UNDERGROUND HAILS 
No. Underground 

. Halls §B ! ! . " £ 


THERMAL LOAD ANALYSIS 


♦ Heat transfer coefficient includes inside air film. Exterior surface temperature is set equal to ground temperature 

: i • j i i • : J I Card Index 



EanaQDmESEaaioaaiEEsaBaaaaaEaQffiQaisEaaQEHfflaaBEffifflaaaaaBBfflEaaffiQfflaaaBiBBaEHSiBiiMIII 

SS»sss:r ssiissjaySi 

IBBBIlilBBIIIIBIllBM 


inna|iB?siiii™a|aip|EagEOiBfflBBafflD 

lii l 0iS ! iiggiigiiiSiB1BBIHI 


IIBBBUIIIHIHIHIII 


iiiinifl 

■lINIHIII 
ilKHRSHII 


jEBKreBBBBBBBBBBBi BEBBBBBBBBiBBBBBB BBBBM 

■BIBIBIBBBBBBBBBBBBIBflBBBBBflBBIBHBBBIBBBBBBBBBfllBBBBIBHBBBBBPBBIIlillSBBIBBBBIBBlI 

SBiBBBBBBBSBBBBBBBBBSlgllllllllir" — ' 


UNDERGROUND FLOORS 


No. Underground 
Floors 


,, . Heat Transf. Coeff. 

Floor Area (BTU/HR-°F-FT2) » 


inDaaaDEniOEBEBD^iBssaaassasssa^aaassaaesiaaa^saaasaaafflEEaDfflBBaaaEffiaEEKiiMilM 


GROUND TEMPERATURE (°F) 


If length of study is greater than 7 months, use 2nd L54 type card 
For Design Day Analysis, all 12 months are required. 


IKlSSfflfl 


!nd.Mon. of 
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NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 



THERMAL LOAD ANALYSIS 


INPUT FORM L14 space identification 


Number of Spaces 



No. Delayed 
Surfaces 


No. Quick 
Surfaces 


No. Glazed 
Surfaces 


REPEAT CARD TYPES L56, L65 FOR EACH SPACE 

No. Internal No. Underground No. Underground No. Additional _■ . . 

Surfaces Walls Floors Identical Spaces naex 


1 2 3 4 5 6 7 I 9 10 11 1213 14 15 16 17 18 19 20fel 22 23 24 2526 27 20 29 30 31 32 133 34 35]36|37|38 39 40 41142^3 k 4 145 4fi(4 7 14 8 149 [50|5 1 152 153 [5 4 [55| 56)57 158 ]5 9 1 60| 61|62 163 1«4 1 65 1 6S)«7 [€816917^71 j72| 73 1 74 1 75f 7S|77/78 |79f80 


Space Floor Area Space Volume Weight of Floor 


' (FT2) • (FT3) (LB/FT2) - Temperature (°F) - N °' p ^ ple 4t Card Index 

■ » 8 1 10 U|l2|vs|l«|is|tsll7|l*jl9|20 Zlj22|H|2«|25|28|27|2l|Wlj0 stiilTiiliiTashs |3T I U ! 3 9(411 AlU2lAjk4UsU6IA7l««|«IS0 SI lS2|5j(S4|sS SS|S7 lSS|S9|S0 <l|uU|M|<*|KkT|U|4li7l n!?2|?!|M|?5|?s|27|?(|H|»0 


Type of Light Percent Light Heat Operating Schedule Type of Infiltration Infiltration Rate bel^NwtMl Zone 1 5 P ace 

Fixture (1.0, 4.0) to Space Index Analysis * (No. of Ai r Changes) / pj \ Exhaust Air(CFM) 


1 2 3 4 5 6 7 B 9 101112 


_ index Analysis * 

!0 2l|22|23|24 1 25 12 6 1 2 7 |28j29l30 3lf32|33|34|35|36l3; 


■HHIIIIIHI 


jjNo. of Air Changes) (py) Exhaust Air(CFM) uara inaex 

38" 39 <0 41 <2 <3 M 45 46 TTII 4? SO 5 1 ISzTstISA | 5 5|SS|57 151 [S»| 60 tl|tt[»|t4|«|H|t7|H|«l|7C 71 J7Z| 73j7*|75| 7tj77|7« | 79|I0 









NECAP 
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NASA’S ENERGY-COST ANALYSIS PROGRAM 



ADDED SHADING, CONTINUATION 


THERMAL LOAD ANALYSIS 


DEFINITION OF ADDED SHADING SURFACES 



No. Vertices 

m 

I 

PM 

• •• , ,--;rr;. j 

■ • . ,, i 



n 

E 

a 

a 

a 

□ 

D 

□ 

Q 

s 

ID 

ED 

B 

a 

B 

B 


B 

B 

i 

B 

0 

B 

B 

1 

B 

1 

i 

i 

0 

i 

□ 


0 

ebb 

w 

3:)| 

(DMI 

B 

W 

0 

0 

0 

B 

0 

1 


0 

0 

55 

0 

0 

B 

i 

1 

i 

i 

III 

a 

i 

0 

5 

IB 

B 

B 

EQ 

EQ 

0 

0 

i 

0 

EQ 

M 

1 

I 

■ 

■ 

■ 




■ 



I 

■ 






■ 


■ 



■ 

■ 

1 





1 


1 

■ 

■ 

1 

n 

■■ 

j 

III 


II 

■ 

■ 

■ 

1 

■ 

■ 

1 

■ 


: 

■ 


1 

■ 

1 

■ 

1 

■ 

■ 

■ 

■ 

II 

II 

■ 

1 

■ 

1 

■ 

■ 

1 

■ 

1 

■ 

1 












fAClltTY PENTIRCATION 


PROJECT NUMRER 


ENGINEER 


DATE 


SHEET 

-Of- 



iiiiiiiiiiiiHiiiiiiiiiiiiHiiiiiiaiiiHiimfliiiiiiBiiiiiii^iiiiHiiiaiiiiniil 
minmi ■■■imiii iiiiiiiiii iuibiiisi hihiiih imamii huisb mimi i ■ ’ 
in imisi ■■■■■■■■■■ ■■■■■■■■■■ m— ■■■■■ m— hi— ilia b—w— — mmI 
■■■■■■■in iimwii iwnrn immm ■■■■■■■■■■ ■huhih —mm i wiSm 
iiiiiiiiii iiiimaii iimimi iiiiiiiiii iimuni iiiiihih hmmmhi -mim 
iiiiiiiiii iiiiiiiiii iiiiiiiiii iiiiiiiiii ibiiiiiiii mimiii minmi mnn 
1111111111111111111111111111111111111111 niHiaiiiiiiiimiieiMiiiiiiraiiiiii-B 

DQQQDBSDDE BEEBBEBBEE 3BBBQSSB3B aSBBBEBBSE aBEBDEBDSE aBEDDEBBEE aBBSSESEBD SECESEBEEC] 


« 















NECAP 

NASA’S ENERGY-COST ANALYSIS PROGRAM 



INPUT FORM SOI 

JOB CONTROL PARAMETERS 


Begin Analysis End An; 

(Hour of Year) (Hour o 


Ho. Primary 
quipment Combi 


System Shut-off 
Flag 


SYSTEM * EQUIPMENT SIMULATION 


Conservation Ho. Energy Dlstrlbu- - . . . 

Flag tlon System C,rd lnd * x 


QBQQ3QBQQIE EE3QQII1BQEE EBBEBSasaS BaEaaaSBEE SH3E9EQESEBDQ13S BBBSSSBBBE BIBaQQBaQBE ESQQBBBSiMSQ 

liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilsiiiiiiiiiiiiliiiiiiiiisiiiiiiiiBiiiiiiiniiiiil 



Print-1 

Print-2 

Print-3 

.-off;l.-on) 

(0.-off;l.-on) 

(0.-off;l.-on) 


ODEianDDPDlDiDiBIDniDIDlD[DiDEaBafflHafflBlB®SQI2Cia3S£23222B2<«2 1 S 




rTi’T-n 

b fir >. £ mg l . „ 

■■liiiiiiiiiSiiiiiniiPfsmiiiiiiiifiiiiiiBBIlUllll 



Lorn Outside 

High Outside 

Low System 

High System 

Schedule Label 

Air Temp.(TOALO) 

Air Temp. (T0AH1) 

Fluid Temp.(TLO) 

Fluid Temp. (TNI) 

(Alpha-Humeri c) 


nDaaaDDmEiEEiiSiBEEaBafflHaaffiafflffliafflfflffiffliaBEBfflaEiBMafflssiSEsaaBEEEaQaBcaEaEfflaBEBgsaEE 
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INPUT FORM S02a 

ENERGY DISTRIBUTION SYSTEM DATA 


System No: 


NECAP 

NASA'S ENERGY-COST ANALYSIS PROGRAM 


System Type: 


Type of Distribution 

No. Zones on 

Relative Humidity 

System 

System 

Set Point(%R.H) 



SYSTEM & EQUIPMENT SIMULATION 


Variable Volume 
Fan Control 


Card Index 




IDI IDT 


TOTAL FAN PRESSURES (IN.H 2 0) 


Return 


Variable Volume 
Reheat Coil Option 


Card Index 


Fixed Air Temperature 


Cold Deck 


TEMPERATURE RESET SCHEDULE INDICES 


nwnnn [|piiniTimmintninmmi!3mffi3iEmgi aBBiB35i n]EBEaEBEiiEE5]aiB3S]Ea niia [B[ii[E 


Induction Unit, 
Induced/Primary 
Air Ratio 


46 47 48 49 


Card Index 


IBQBI 


Two-pipe Fan-Coil 
Changeover Temp.( F) 


Two-pipe System Floor Heating Panel Floor Heating Panel 

Water Volume (GALS) Location Area Covered (FT ) 


Card Index 






Space data cards applicable to this system immediately follow. 


VARIABLE VOLUME FAN CONTROL 


DISTRIBUTION SYSTEH TYPES 


1. Single Zone Fan System With 
Face And By-Pass Dampers 

2. Multi-Zone Fan System. 

3. Dual Duct Fan System. 

4. Single Zone Fan System With 
Sub-Zone Reheat. 

5. Unit Ventilator. 

6. Unit Heater. 

7. Floor Panel Heating. 

8. Two-pipe Fancoil System. 

9. Four-pipe Fancoil System. 

10. Two-pipe Induction Unit 
Fan System. 

11. Four-pipe Induction Unit 
Fan System. 

12. Variable Volume Fan System 
WlthOptional Reheat. 

13. Constant Volume Reheat Fan 


MIXEO AIR OPTION 


1. Fixed percent outside air. 

2. Enth. Temp. Econo. Control . 

3 . Temp. Econo . Control 


TEMPERATURE CONTROL MODES 

1. Predefined constant 
temperature. 

2. Determined by zone with 
coldest supply air regmt. 

3. Reset per hot deck. 

Reset schedule indexed 
in card S4C. 

6. Determined by zone with 
warmest supply air regmt. 


n 


“1 


■ESiHHKSn 

maMMMBMM 





Imlml «•> 


^ y/ 1 Variable 

/ Volwne Fan 




r" Control Code: 
/ 1. Variable speed 


L^_J 

Inlet vane 

3. Discharge damper 




I 




i 

i 


I VARIABLE VOLUME 


REHEAT COIL OPTION 


Are reheat coils 
located after VAV 
Boxes ? 

0. * No 

1. “Yes 


I LOCATION OF FLOOR 


1. * Slab on grade 

2. ■ Intermediate 

floor slab. 
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INPUT FORM S02b 



SYSTEM S EQUIPMENT SIMULATION 


SPACE DATA For System No. 
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|th MW 

data 


PAGE 


. Of 


INPUT FORM S03 

PRIMARY EQUIPMENT DESCRIPTION 


SYSTEM It EQUIPMENT SIMULATION 



mm 1 


111913 

Source of General 
Heating Energy 

Source of Reheat 
Coil Energy 


Card Index 

111 

31 

11 

i 

i 

3 

i 

1 

3 

S 

i 

1 

31 

31 

3' 

D 

i 

a 

a 1 

i 

a 

S' 

a 

2 

31 

31 

a 

3! 

1 

2 

i 

a 

3! 

2 

£ 

a 

a 

a 

2 

£ 

a 

1 

a 

4 

15 

U 

17 

8 

9 

g 

a 

a 

a 

a 

2 

2 

a 

21 

a 

£ 

a 

2 

21 

21 

21 

TV 

IMI 

21 

a; 

21 

i\ 

Bi 

SI 

ai 

21 

21 

2i 

21 

21 

21 

a 

■ 

II 

1 

ii 

ii 

1 

ii 

II 

II 

1 

n 

II 

H 

II 

II 

ii 

ii 

ii 

ii 

i 

ii 

ii 

ii 



II 

i 

II 

II 

1 

ii 

i 

1 

1 

i 

i 

i 

i 

1 


J 

J 

J 









i 

i 

i 

1 

II 


II 

ii 

l 

I 

K 

ii 

II 

II 

II 

II 

HI 

fil 

1 

Ell 

21 

li 

ii 

ii 

ii 

II 

II 

II 

■1 

Type of Auxiliary 
Chiller 

Source of Supplemen- 
tal Heat 1 

Number of Energy / 
Generator Sets 

Type of Engine / 
Generator Set 

,$jjf 

Card Index 

1 

B 

1 

u 

i 

a 

3 

a 

3 

E 

33 

I! 

a 

3 

a 

s 

a 

D 

a 

i 

a 

a 

a 

3 

3 

3 

a 

3 

a 

a 

3 

a 

3 

3 

3 

3 

3 

a 

2 

a 

s 

3 

a 

a 

3 

El 

a 

a 

2 

2 

a 

a 

a 

2 

a 

l 

a 

a 

a 

2 

a 

a 

a; 

a 

□ 

a 

a 

a: 

a: 

£ 

w 

1 

a 

a 

a 

ai 

21 

BI 

21 

a 

■ 

1 

1 

■ 

■ 

■ 

1 

■ 

■ 

1 

■ 

1 

i 

1 

i 

i 

■ 

1 

i 

i 

i 

■ 

i 

1 


1 

■ 

1 

i 

i 

■ 

i 

■ 

1 


1 

1 


1 


i 

H 

9 

1 

1 

S 

i 

i 

i 

1 

i 

8 

i 

1 

I 

1 

B 

i 

i 

1 

i 

i 

1 

l 

a 

I 

I 

1 

1 

1 

E 

H 



i 

ii 

II 

■1 

II 


a 

B 

a 

□ 

a 


D 

□ 

□ 

E 

O 



ID 

a 

a 

a 


a 

i 

i 

m 

I 

3 

I 

3 

i 


i 

I 

I 

i 




3 

a 


a 


a 

a 


111 

« 

111 

13 

« 

a 

a 

a 

a 

a 


a 


a 



a 

a 

a 

a 

a 

□ 

a 

a 

a 

a 

L 

I 

a 

a 

a 


a 

2 

□ 

a 

a 









































i 

i 


1 


1 

1 




i 

i 









i 




B 

i 

i 

l 

■ 




















































i 

i 


$ 

fig 


1 

1 


i 


u 

s 









i 


b 


B 
























































i 

i 


1 


1 

1 


i 


H 

i 









i 




B 
























































i 





i 

1 


a 


I 

i 





































































■ 

■ 


1 


■ 

1 


■ 


1 

i 













■ 
























































i 

i 


I 


I 

s 




i 

B 













■ 
























































1 

i 


1 


l 

i 


i 


1 

1 













B 
























































I 

s 


B 


a 

M 


B 


1 

i 













B 
























































■ 

■ 


■ 


■ 

■ 


■ 


l 

■ 













fl 
























































I 

i 


B 


I 

1 


a 


s 

B 













B 
























































■ 

■ 


■ 


■ 

■ 


■ 


■ 

■ 













■ 
























































1 

i 


1 


i 

i 


s 


s 

k 













B 
























































■ 

■ 


1 


■ 

B 


■ 


■ 

1 













1 

























































ii 


I 


IB 

1 


8 


i 

IB 













■ 
























































■ 

■ 


■ 


■ 

■ 


■ 


■ 

■ 













II 
























































11 

1 

m 

1 


1 

1 

i 

1 


1 

H 




1 









18 
























































II 

II 

■ 

1 


II 

II 

ii 

1 

■ 

1 

1 




II 




ii 

ii 



IB 

1 

ii 

i 


i 




















































1 

11 

i 

1 


II 

1 

ii 

11 

i 

1 

» 




II 




n 

i 


i 

II 

i 

i 

18 

8 

IH 













2 

3 

M 

o 4 

5 

6 
7 

a 

9 

10 


HEAT CONSERVATION " 


CHILLER TYPE 


SOURCE OF CHILLER 

m-Mm i ijMHi i 




wpv\ iWfl :I71 8:7:1 11 HMUKfl 





immimM. ai 

Is this a heat 


1. = Reciprocating 


1. = Gas 

conservation 


2. = Hermetic Centrifugal 


Z. - Heating Oil 

building 


3. = Opencentrifugal 


3. = Steam 

1. = Ho 




4. = Electric 

2. = Yes 







Turbine 




SOURCE OF REHEAT 
COIL ENERGY 

0. = Same as boi ler| 
4. = Electric 


ENGINE/GENERATOR 
STT TYPE? 

0. * None 

1. = Diesel 

2. = Gas 


TYPE OF AUXILLARY CHILLER 

0. = None 

1. = Reciprocating 

2. = Hermetic Centrifugal 

3. = Open Centrifugal 


SUPLEMENTAL HEAT SOURCE 

0. = None 3. * Electricity 

1. = Gas 4. = Well Water 

2. * Heating Oil 5. = City Water 
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INPUT FORM S05 


Mfc MM 



SYSTEM t EQUIPMENT SIMULATION 


FLOOR PANEL HEATING SYSTEMS 





IF SNOW MELTING SYSTEM IS USED, PLACE WBAN SUFWARY DECK 345 HERE. OTHERWISE, IT MAY BE OMITTED. 


TYPE OF FLOOR 


TYPE OF SNOW 

COVERING 


■IfflMKaiJM 

1 . * Bare Concrete 


0. = None 

2. - Tile 


1. * Liquid 

3. ■ Carpeting 


2. - Electric 
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INPUT FORM S04 

BOILERS 


SYSTEM ft EQUIPMENT SIMULATION 




Number of 
Chillers 


Size of each Hour of Seasonal Hour of Seasonal 

Chi 1 ler (TONS) Chiller Start-up Chiller Shut-down 


Min. Part Load Chilled Water Cooling Tower Water 

Chiller Cut-off(X) Set Point Temp.(°F) Low Limit Temp. (°F) 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 




































APPENDIX D 


SYSTEMS AND EQUIPMENT SIMULATION PROGRAM INPUT 
AID SHEETS 


D-l 
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CARO TYPE-1. 

IHSRT - HOUR OF YEAR AT WHICH SIMULATION MAY BEGIN. 

IHSTP - HOUR OF YEAR AT WHICH SIMULATION MAY END. 

NCASE - NUMBER OF CASES TO BE RUN. 

NRSET - NUMBER OF RESET SCHEDULES TO BE READ. 

IF AN - FAN SHUT-OFF FLAG. 

KHCST - HEAT CONSERVATION SYSTEM FLAG. 

KMAX - NO. OF ENERGY DISTRIBUTION SYSTEMS. 

CARO TYPE-2. 

IPRT1 - OPTIONAL PRINT FLAG. LEVEL 1.. .HOURLY SUMMARIES. 

IPRT2 - OPTIONAL PRINT FLAG. LEVEL 2... ZONE SUMMARIES. 

IPRT3 - OPTIONAL PRINT FLAG, LEVEL 3... SYSTEM COMPONENT PERFORMANCE. 

CARD TYPE-3. 

TEMPERATURE RESET SCHEDULES. 

° SCHEDULE TOALO TOAHI TLO THI ** LABEL ** 

rv> NUMBER 

1 
2 
3 
A 

5 

6 / 

7 

8 
9 

10 

***#******************************+**#**********************************+**************♦****♦*************************** 


Figure D-l SYSTEM & EQUIPMENT SIMULATION INPUT AND SHEET 1/4 
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NASA'S ENERGY-COST ANALYSIS PROGRAM 


******************** ************ ************************************************************************************** 

primary equipment description. 

CASE NUMBER 1. 

CARD TYPE-6. 

ISYS - system combination number. 

KBLDG - BUILDING TYPE ( 1 . ^CONVENTIONAL OR ON-SITE. 2.=HEAT CONSERVATION). 

Ml - TYPE OF CHILLER. 

M2 - SOURCE OF CHILLER ENERGY. 

M3 - SOURCE OF HEATING ENERGY. 

KREHT - SOURCE OF REHEAT COIL ENERGY. 

CARO TYPE-T. 

M6 - TYPE OF AUXILIARY CHILLER. 

M7 - SOURCE OF SUPPLEMENTAL HEAT. 

Mt - NUMBER OF ON-SITE ENGINE GENERATOR SETS. 

M5 - TYPE OF E/G SET. 

a ************************************************************************************************************************ 

CARO TYPE-8, 

NUMB - NUMBER OF BOILERS. 

SZB - SIZE OF EACH BOILER ( MBH ) • 

BON - HOUR OF SEASONAL BOILER START-UP. 

BOFF - HOUR OF SEASONAL BOILER SHUT-OOWN, 

HVHO - HEATING VALUE HEATING OIL 

CARD TYPE-9. 

NUMC - NUMBER OF CHILLERS. 

SZC - SIZE OF EACH CHILLER (TONS). 

CON - HOUR OF SEASONAL CHILLER START-UP, 

COFF - HOUR OF SEASONAL CHILLER SHUT-DOWN. 

FFLMN - MINIMUM PART LOAD CUT-OFF FOR CHILLERS (PER CENT). 

TLCHL - CHILLED WATER SET POINT TEMP. 

TECMN - COOLING TOWER WATER LOW LIMIT TEMPERATURE. 

CARO TYOF-10. 

HOBLP - TOTAL BOILER WATER PUMP HEAD (FT.). 

HDCLP - TOTAL CHILLED WATER PUMP HEAD (FT.). 

HOCNP - TOTAL CONOENSER WATER PUMP HEAD (FT,), 


Figure D-3 SYSTEM & EQUIPMENT SIMULATION INPUT AID SHEET 3/4 
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NASA'S ENERGY-COST ANALYSIS PROGRAM 


************************************************************************************************************************ 
CARO TYPE-4. 

SYSTEM NUMBER 1. 


KFAN = 

JMAX s 

rhsp = 

ICZN = 

oacfm= 

MXaO a 

NVFC a 

ITHPCa 

ITMPCa 

TFNPSa 

TFNPRa 

TFNPE= 

IVVRHr 

VVHINa 

TFIXla 

TFIX2s 

ISET = 

ISET a 

ISET = 

ISET a 

RIPA a 

TCOFC= 

TOACOs 

PU6ALS 

PLOC a. 

PAREAs 

PERIHa 


caro type-5. 
ZONE DATA. 

J 

SPACN(K.J) 

MULT(I) CFMX(I) 

CBTU(I) ALFBRII) 

IPLEN(I) 

ZONE LABEL 



(CALC ' 0) 

1 

2 

3 

4 

O S 

■U 6 

7 

a 

9 

10 

u 

12 

13 

14 

15 

16 

17 

18 

19 

20 

************************************************************************************************************************ 


NOTE: SEE FIGURE D-5 TO D-17 FOR ELABORATION OF THESE CARD TYPES. 
Figure D-2 SYSTEM & EQUIPMENT SIMULATION INPUT AID SHEET 2/4 
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CARO TYPE-11. 

PUOL - EXTERNAL LIGHTING POWER. 

EPF - FAN ANO PUMP MOTOR EFFICIENCY (PER CENT). 
TCO - BLDG CHANGEOVER TEMP. 

HVOF - HEATING VALUE DIESEL FUEL 


CARO TYPE-12. 


PESTM 

TESTM 

PPS 

TPS 

RPM 


BOILER SUPPLY 
BOILER SUPPLY 
STEAM TURBINE 
STEAM TURBINE 
STEAM TURBINE 


ANO ABSORPTION CHILLER ENTERING STEAM PRESSURE (PSIG). 
and ABSORPTION CHILLER ENTERING STEAM TEMPERATURE (DEG.F. >• 
ENTERING STEAM PRESSURE (PSIG.). 

ENTERING steam temperature (DEG.F.). 

SPEEO (RPM), 


CARD TYPE-13. 

KFLCV - TYPE OF FLOOR COVERING. 

CINSL - FLOOR INSULATION CONDUCTANCE. 
DINSL - FLOOR INSULATION THICKNESS. 


CARO TYPE-1H. 

TLCNM - MAXIMUM ALLOWABLE CONDENSER WATER TEMPERATURE (DEG.F.). 

TLCMN - WELL OR CITY WATER DESIGN RETURN WATER TEMPERATURE (DEG.F.). 
TCWIN - CITY WATER SUPPLY TEMPERATURE (DEG.F.). 

TWWIN - WELL WATER SUPPLY TEMPERATURE (DEG.F.), 

HDWWP - TOTAL WELL WATER PUMP HEAD (FT.). 


CARD TYPE-15. 

KSNOW 

OSNOW 

SAREA 


TYPE OF SNOW MELTING SYSTEM. 

SNOW MELTING SYSTEM DESIGN LOAD. 
SNOW MELTING SLAB AREA, 


Figure D-4 SYSTEM & EQUIPMENT SIMULATION INPUT AID SHEET 4/4 
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FIG. D-5 

SYSTEM NO. 1 SINGLE ZONE FAN SYSTEM 
CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 
KFAN(K) JMAX(K) RHSP(K) ICZN(K) OACFMOO MXAO(K) NVFC(K) 


ITMPC(KJ) ITMPC(K,2) TFNPS(K) TFNPR(K) TFNPE(K) IVVRH(K) VVMIN(K) 


TFIXl(K) TFIX2(K) ISET(K,1) ISET(K,2) ISET(K,3) ISET(K,4) RIPA(K) 


TCOFC(K) TOACO(K) PWGAL(K) PLOC(K) PAREA(K)’ PERIM(K) 



CARD TYPE - 5 ZONE DATA 


J 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

n 

12 

13 

14 

15 


SPACNfK.Jl 

MULT ( I ) 

CFMXm 

CBTIJf 1 1 

ALFBRfll 

IPLENfll 

7 NAME 












































































































DEFINITION OF VARIABLES 

XFAN (X) 

- Type of Energy Distribution System 

OKAX (K) 

• Number of Zones on System 

RHSP (K) 

• System Relative Humidity Set Point (S R.H.) 

ICZN (X) 

- Zone in which Humldlstat Controlling 
and Central Humidifier is Located. 

OACFK (K) 

- Minimum Outside Air Volume (CFH) 

HXAO (K) 

- Mixed Air Option 

HVFC (X) 

• Variable Volume Fan Control Option 

I TMPC (K.1 ) 

- AHU Discharge Air Temperature Control Mode 

ITHPC (K.2) 

> Cold Deck Air Temperature Control Mode 

TFHPS (X) 

- Total Supply Fan Pressure (in H 2 0) 

TFNPR (It) 

- Total Return Fan Pressure (In H 2 0) 

TFHPE (K) 

- Tout Exhaust Fan Pressure (In HjO) 

IWRH (K) 

- Are Reheat Coils Located After 
Variable Vol. Boxes? Q-No.l-Yes 

WHIN (X) 

- Hln. Flow through Variable Volume Boxes. (X) 

TF1XI U) 

- AHU Discharge Air Temperature (Fixed) (°F) 

TFIX2 (X) 

- Cold Deck Air Teaiperature (Fixed) (°F) 

ISET (K.l) 

- AHU Discharge Air Temperature Reset Schedule Index 

I SET (K.Z) 

- Cold Deck Air Temp. Reset Schedule Index 

ISET (K.3) 

- Baseboard Radiation Temp. Reset 
Schedule Index 

ISO (K.4) 

- Process Water Temp. Reset 
Schedule Index 

RIPA (X) 

- Ratio of Induced to Primary Air 

TCOFC (X) 

- Two Pipe Fancoll Changeover Temp. (°F) 

TOACO (X) 

- Floor Panel Heating System Hot Water Shut-off Temp. 

PWGAl (X) 

- Volinc of Water In System (2 pipe 
fancoll or Induction) (Gals.) 

HOC (X) 

- Location of Floor Heating Panels 

PA8EA (X) 

- Floor Area Available for Heating Panels (Ft?) 

PERIH (X) 

- Exposed Perimeter of Floor (Ft.) 

J 

- Zone Number 

i SPACN (X.J) 

- Load Program Space Hunter 

MULT (I) 

-Zone Multiplication Factor 

CFNX (I) 

- Air Exhausted from Zone (CFM) 

C8TU (I) 

Heat Output of Baseboard 
Radiation at design conditions 
(BTU/HR.-Lln. Ft.) 

ALFBR (I) 

- Active Length of Baseboard 
Radiation (Lin. Ft.) 

IPIEX (t) 

- Load Program Space Number of 
Plenum Above this Space. 

2RAHE (I) 

- Zone Name, (alpha-mmrlc) 
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FIG. D-6 

SYSTEM NO. 2 MULT I -ZONE FAN SYSTEM 
CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 
KFAN(K) JMAX(K) RHSPfK) ICZN(K) OACFM(K) MXAO ( K 


NVFC(K 




ITMPC ( K , 1 LJTMPC ( K,2) TFNPS (K 


TFIXl(K) TFIX2(K) ISET(K.l) ISET(K,2) ISET(K,3) ISET(K,4) RIPA(K) 



TCOFC(K) TOACO(K) PWGAl(K) PLOC(K 


CARD TYPE - 5 ZONE DATA 


J SPACNfK.J ll 
1 _____ 


I CFMXm II 



DEFINITION OF VARIABLES 


XFAN (K) 

- Type of Energy Distribution System 

JHAX (K) 

- Number of Zones on System 

RHSP (K) 

- System Relative Humidity Set Point (l R.H.) 

ICZN (K) 

- Zone in which Humidistat Controlling 
and Central Humidifier is Located. 

OACFH (K) 

- Minimum Outside Air Volume (CFH) 

HXAO (K) 

- Mixed Air Option 

KVFC (K) 

- Variable Volume Fan Control Option 

ITMPC (K,l) 

- Hot Deck Temperature Control Mode 

ITMPC (X,2) 

- Cold Deck Air Temperature Control Mode 

TFNPS {<) 

- Total Supply Fan Pressure (in HgO) 

TFNPR (K) 

- Total Return Fan Pressure (in H 2 0) 

TFNPE <K) 

- Total Exhaust Fan Pressure (in HjO) 

IVVRH (X) 

- Are Reheat Coils Located After 
Variable Vol. Boxes? 0=No,l*Yes 

WMIH (K) 

- Min. Flow through Variable Volume Boxes. (X) 

TFIX1 (X) 

- Hot Deck Air Temperature (Fixed) (°F) 

TFIX2 (X) 

- Cold Deck Air Temperature (Fixed) (°F) 

ISET (X.l) 

- Hot Deck Air Temperature Reset Schedule Index 

ISET (X.2) 

- Cold Deck Air Temp. Reset Schedule Index 

. ISET (K,3) 

- Baseboard Radiation Temp. Reset 
Schedule Index 

ISH (X.4) 

- Process Hater Temp. Reset 
Schedule Index 

RIPA (X) 

- Ratio of Induced to Primary Air 

TCOFC (X) 
TDACO (X) 

- Two Pipe Fancoil Changeover Temp. (°F) 

PRGAL (X) 

- Volume of Water in System (2 pipe 
fancoil or induction) (Gals.) 

Pt-OC (X) 

- Location of Floor Heating Panels 

PAREA (K) 

- Floor Area Available for Heating Panels (Ft?) 

PERIM (X) 

- Exposed Perimeter of Floor (Ft.) 

J 

- .Zone Number 

SPACIf (K.J) 

- Load Program Space Number 

KILT (I) 

-Zone Multiplication Factor 

CFMX (I) 

- Air Exhausted from Zone (CFN) 

CBTU (I) 

1 - Heat Output of Baseboard 
Radiation at design conditions 
■ (BTU/HR.-Lin. Ft.) 

ALFBR (I) 

-Active Length of Baseboard 
Radiation (Lin. Ft.) 

IPLEN (I) 

- Load Program Space Number of 
Plenum Above this Space. 

ZNAKE (I) 

- Zone Kami. (alpha-numeric) 








FIG. D-7 

SYSTEM NO. 3 DUAL DUCT FAN SYSTEM 

CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 

KFAN(K) JMAX(K) RHSP(K) ICZN(K) OACFM(K) MXAO(K 


NVFC(K 


nPFTMTTinM f)F UADTACM CC 






FIG. D-8 


SYSTEM NO. 4 SINGLE-ZONE FAN SYSTEM W/SUB-ZONE REHEAT 
CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 

KFAN(K) JMAX(K) RHSP(K) ICZN(K) OACFM(K) MXAO(K) NVFC(K 




TFIXI(K) TFIX2(K) ISET(K.l) ISET(K,2) ISET(K,3) ISET(K,4) RIPA(K) 


DEFINITION OF VARIABLES 


WAN (K) 

- Type of Energy Distribution System 

OHM (K) 

- Number of Zones on System 

RHSP (K) 

- System Relative Humidity Set Point (X R.H.) 

ICZN (K) 

• Zone in which Humidlstat Controlling 
and Central Humidifier is Located. 

OACFH (K) 

- Minimum Outside Air Volume (CFM) 

KXAO (K) 

- Mixed Air Option 

NVFC (1C) 

• Variable Volume Fan Control Option 

ITHPC (K.l) 

- AHU Discharge Air Temperature Control Mode 

1THPC (K,2) 

- Cold Deck Air Temperature Control Mode 

TFNPS (K) 

- Total Supply Fan Pressure (In H 2 0) 

TFNPR (K) 

- Total Return Fan Pressure (In H 2 0) 

TFNPE (K) 

- Total Exhaust Fan Pressure (In H 2 Q) 

1WRH (K) 

- Are Reheat Coils Located After 
Variable Vol. Boxes? 0=No,l=Yes 

WHIN (K) 

- Hln. Flow through Variable Volume Boxes. (J) 

TFIX1 (K) 

- AHU Discharge Air Temperature (Fixed) (°F) 

TF 1X2 (K) 

- Cold Deck Air Temperature (Fixed) (°F) 

ISET (K.l) 

- AHU Discharge Air Temperature Reset Schedule Index 

ISET (K.2) 

- Cold Deck Air Temp. Reset Schedule Index 

ISET (K.3) 

- Baseboard Radiation Temp. Reset' 
Schedule Index 

ISET (K.4) 

- Process Water Temp. Reset 
Schedule Index 

RIPA (K) 

- Ratio of Induced to Primary Air 

TCOFC (K) 

- Two Pipe Fancoil Changeover Temp. (°F) 

TOACO (K) 

- Floor Panel Heating System Hat Water Shut-off Temp. 

PVGAL (K) 

- Volume of Water In Syst&n (2 pipe 
fancoil or induction) (Gals.) 

PLOC (K) 

- Location of Floor Heating Panels 

PAREA (K) 

- Floor Area Available for Heating Panels (Ft?) 

PERIH (K) 

* Exposed Perimeter of Floor (Ft.) 

J 

-Zone Number 

SPACN (K.J) 

- Load Program Space Number 

HILT (1) 

- Zone Multiplication Factor 

CFHX (I) 

- Air Exhausted from Zone (CFM) 

C8TU (I) 

Heat Output of Baseboard 
Radiation at design conditions 
(BTU/HR.-Lln. Ft.) 

ALFBR (I) 

- Active Length of Baseboard 
Radiation (Lin. Ft.) 

IPLEN (I) 

- Load Program Space Number of 
Plenum Above this Space. 

ZNAHE (I) 

- Zone Name. (alpha-numeric) 
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FIG. D-9 

SYSTEM NO. 5 UNIT VENTILATOR 

CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 




DEFINITION OF VARIABLES 


KFAN (K) - Type of Energy Distribution System 

OMAX (K) - Number of Zones on System 

RH5P (K) - System Relative Humidity Set Point (X R.H.) 

ICZH (K) - Zone In which Kumldlstat Controlling 

and Central Humidifier is Located. 

OACPH (K) - Minimum Outside Mr Volume (CFM) 

HXAO (K) - Mixed Air Option 

NVFC (K) - Variable Volume Fan Control Option 

tTMPC (K.l) - AHU Discharge Air Temperature Control Mode 
ITHPC (K.2) - Cold Deck Air Temperature Control Mode 
TFNPS (K) - Total Supply Fan Pressure (in HjO) 

TFNPR (K) - Total Return Fan Pressure (In HjO) 

TFHPE (K) - Total Exhaust Fan Pressure (in HjO) 

IWRH (K) - Are Reheat Coils Located After 

Variable Vol. Soxes7 C-No, 1-Yes 
WM1N (K) - Min. Flow through Variable Volume Boxes. (I) 

TF1X1 (K) “ AHU Discharge Air Temperature (fixed) (°F) 

TFIX2 (K) - Cold Deck Air Temperature (Fixed) (°F) 

ISET (K.l) “ AHU Discharge Air Temperature Reset Schedule Index 

ISET (K.2) - Cold Deck Air Temp. Reset Schedule Index 

ISET (K,3) - Baseboard Radiation Temp. Reset 
Schedule Index 

ISET (K,4) - Process Hater Temp. Reset 
Schedule Index 

R1PA (K) - Ratio of Induced to Primary Air 

TCOFC (K> - Two Pipe Fancoll Changeover Temp. (°F) 

TOACO (K) “ Floor Panel Heating System Hot Hater Shut-off Temp. 

PWGAL (K) - Volume of Hater In System (2 pipe 

[ fancoll or Induction) (Gals.) 

PLOC (K) - Location of Floor Heating Panels 

PAREA (K) - Floor Area Available for Heating Panels (Ft?) 

PERIM (K) - Exposed Perimeter of Floor (Ft.) 

J - Zone Number 

SPACN (K,J) - Load Program Space Number 

HJLT (I) - Zone Multiplication Factor 

CFMX (I) -Air Exhausted from Zone (CFM) 

C8TU (I) Heat Output of Baseboard 

Radiation at design conditions 
• (BTU/HR.-Lln. Ft.) 

ALFBR (I) - Active Length of 8aseboard 

Radiation (Lin. Ft.) 

IPLEN (I) - Load Program Space Number of 

Plenum Above this Space. 

ZNAME (I) - Zone Name. (alpha-numeric) 
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FIG. D-10 

SYSTEM NO. 6 UNIT HEATER 
CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 
KFAN(K) JMAX(K) RHSP(K) ICZN(K) OACFM(K) MXAO(K) NVFC(K) 


ITMPC(K,1 ) ITMPC(K,2) TFNPS(K) TFNPR(K) TFNPE(K) IVVRH(K) VVMIN(K) 


TFIXl(K) TFIX2(K) ISET(K,1) ISET(K,2) ISET(K,3) ISET(K,4) RIPA(K) 


TCOFC(K) TOACO(K) PWGAL(K) PLOCjK) PAREA(K)' PERIM(K) 



CARD TYPE - 5 ZONE DATA 



DEFINITION OF VARIABLES 

KFAN (K) 

- Type of Energy Distribution System 

MU (K) 

- Humber of Zones on System 

RHSP (K) 

- System Relative Humidity Set Point (X R.H.) 

ICZN (K) 

- Zone in which Humidistat Controlling 
and Central Humidifier is Located. 

OACFM fK) 

- Minimum Outside Air Volume (CFH) 

KXAO (K) 

- Mixed Air Option 

NVFC (K) 

- Variable Volume Fan Control Option 1 

nWC (K.l) 

- AHU Discharge Air Temperature Control Mode 

ITWC (K,2) 

- Cold Deck Air Temperature Control Mode 

TFHPS (K) 

- Total Supply Fan Pressure (in H 2 0) 

TFHPR (K) 

- Total Return Fan Pressure (in HgO) 

TFHPE (It) 

- Total Exhaust Fan Pressure (in HgO) 

IWRH (K) 

- Are Reheat Coils Located After 
Variable Vol. Boxes? 0*No,l«Yes j 

WHIN (K) 

• Hin. Flow through Variable Volume Boxes. (X) 

TFIXl (K) 

- AHU Discharge Air Temperature (Fixed) (°F) 

TFIX2 (K) 

- Cold Deck Air Temperature (Fixed) (°F) 

ISET (K.l) 

- AHU Discharge Air Temperature Reset Schedule Index 

I SET (It, 2) 

- Cold Deck Air Temp. Reset Schedule Index 

ISET (K.3) 

- Baseboard Radiation Temp. Reset 
Schedule Index 

ISET (K.4) 

- Process Water Temp. Reset 
Schedule Index 

MPA (K) 

- Ratio of Induced to Primary Air 

TCOFC (It) 

- Two Pipe Fancoil Changeover Temp. (°F) 

TOACO (K) 

- Floor Panel Heating System Hot Water Shut-off T«q>. 

PUGAL (It) 

- Volume of Water in System (2 pipe 
fancoil or Induction) (Gals.) 

HOC (It) 

- Location of Floor Heating Panels 

PAREA (It) 

- Floor Area Available for Heating Panels (Ft?) 

PERIH (It) 

- Exposed PorlMter of Floor (Ft.) 

J 

- .Zone Number 

SPACN (K.J) 

- Load Program Space Number 

WIT (I) 

- Zone Multiplication Factor 

CFKX (I) 

- Air Exhausted from Zone (CFH) 

CBTU (I) 

1 - Heat Output of 8aseboard 
Radiation at design conditions 
(BTU/HR.-Lln. Ft.) 

ALFAR (I) 

- Active Length of Baseboard 
Radiation (Lfn. Ft.) 

IPLER (I) 

- Load Program Space Number of 
Pieman Above this Space. 

ZltAME (I) 

- Zone Name. (alpha-numeric) 






FIG. D-ll 

SYSTEM NO. 7 FLOOR PANEL HEATING 

CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 


KFAN(K) JMAX( K 


ITMPC(KJ) ITMPC(K,2j TFNPS(K 


RHSP(K) ICZN(K 


MXAO(K) NVFC(K 



TFIXl(K) TFIX2(K) ISET(KJ) ISET(K,2) ISET(K,3) ISET(K,4) RIPA(K) 



DEFINITION OF VARIABLES 


KFAN (K) - Type of Energy Distribution System 

JHAX (K) - Number of Zones on System 

RHSP (K) - System Relative Humidity Set Point (I R.H. J 

ICft (X) - Zone In which Humldlstet Controlling 

and Central Humidifier Is Located. 

OACFH (X) - Minimum Outside Air Volume (CFM) 

KUO (K) - Mixed Air Option 

XVFC (K) - Variable Volume Fan Control Option 

ITMPC (K.l ) • AHU Discharge Air Temperature Control Mode 

ITHPC (K.2) - Cold Deck Air Temperaffle Control Mode 

TFMPS (It) - Total Supply Fan Pressure (In « 2 0) 

TFHPR (It) - Total Return Fan Pressure (In H ? 0) 

TFNPE (It) - ToUl Exhaust Fan Pressure (In HjO) 

IWRH ( K) - Are Reheat Colls Located After 

Variable Vol. Boxes? 0-No,l*Yes 
WHIN (It) - Min. Flow through Variable Volume Boxes, (X) 

TFIX1 (X) - AHU Discharge Air Tempedatiire (Fixed) (°F) 

TFIX2 (X) - Cold Deck Air Temperature (Fixed) (°F) 

ISET (X,l) - AHU Discharge Air Temperature Reset Schedule Index 

I5ET (K.2) - Cold Deck Air Temp. Reset Schedule Index 

ISET (K.3) • Baseboard Radiation Temp. Reset 
Schedule Index 

ISET (X.4) - Process Hater Temp. Reset 
Schedule Index 

RIPA (X) - Ratio of Induced to Primary Air 

TCOFC (X) - Two Pipe Fancoll Changeover Temp. (°F) 

TOACO (X) - Floor Panel Heating System Hot Hater Shut-off Tamp. 

PUGAL (X) - Voliaoe of Hater In System (2 pipe 

fancoll or Induction) (Gals.) 

PLOC (X) - Location of Floor Heating Panels 

PAREA (X) - Floor Area Available for Heating Panels (Ft?) 

PERIM (X) - Exposed Perimeter of Floor (Ft.) 


TCOFC (X) 
TOACD (X) 
PUGAL (X) 

PLOC (X) 
PAREA (X) 
PERIM (X) 

J 

SPACK (X.J) 
HILT (I) 
CFMX (I) 
CSTU (I) 

ALFBR (I) 
IPIEH (I) 


- Zone Number 

- Load Program Space Number 

- Zone Multiplication Factor 
-Air Exhausted from Zone (CFM) 

- Heat Output of Baseboard 
Radiation at design conditions 
(BTU/HR.-Lln. Ft.) 

- Active Length of Baseboard 
Radiation (Lin. Ft.) 

- Load Program Space Number of 
Plenue Above this Space. 


ZNAME (I) - Zone Name. (alpha-nuaerlc) 
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FIG. D-12 

SYSTEM NO. 8 TWO-PIPE FAN COIL SYSTEM 

CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 

KFAN(K) JMAX(K) RHSP(K) ICZN(K) OACFM(K) MXAO(K) NVFCfK 



TFIXl(K) TFIX2(K) ISET(K,1) ISET(K,2) ISET(K,3) ISET(K,4) RIPA(K) 



1 11 21 31 <1 51 61 70 


CARD TYPE - 5 ZONE DATA 




NFAN 00 - Type «f Energy Distribution System 

UMAX (K) - Number of Zones on System 

RHSP (It) - System Relative Humidity Set Point (t R.H.) 

ICZN (K) - Zone In which HumldlsUt Controlling 

end Central Humidifier Is Located. 

OACFM (K) - Minimum Outside Mr Volume (CFH) 

MXAO (K) - Mixed Air Option 

KVFC (It) - Variable Volume Fan Control Option 

1TMPC (K.l) - AHU Discharge Air Temperature Control Mode 

I TMPC (K.2) - Cold Deck Air Temperature Control Mode 

TFNPS (It) - Total Supply Fan Pressure (In HjO) 

TFNPR (It) - ToUl Return Fan Pressure (In HjO) 

TFNPE (K) - Total Exhaust Fan Pressure (In HjO) 

IWRH (It) - Are Reheat Colls Located After 

Variable Vol. Boxes? 0-No, 1-Yes 
VVKIN (It) - Min. Flow through Variable Voliane Boxes. (1) 

TF1X1 (K) - AHU Discharge Air Temperature (Fixed) (°F) 

7FIX2 (1C) - Cold Deck Air Temperature (Fixed) (°F) 

ZSET (K.l) - AHU Discharge Air Temperature Resat Schedule Index 
ISET (K.2) - Cold Deck Air Temp. Reset Schedule Index 

ISET (It, 3) - Baseboard Radiation Temp. Reset 
Schedule Index 


ISET (M) - 


Process Hater Temp. Reset 
Schedule Index 


KIPA (It) - Ratio of Induced to Primary Air 

TCOFC (It) - Two Pipe Fancoll Changeover Temp. (°F) 

TOACO (K) - Floor Panel Heating System Hot Hater Shut-off Temp. 

PW6AL (It) - Volume of Hater in System (2 pipe 
fancoll or Induction) (Gals.) 

PIOC (It) - Location of Floor Heating Panels 

PAREA (It) - Floor Area Available for Keating Panels (Ft?) 

PERIM (I!) - Exposed Perimeter of Floor (Ft.) 


3 - ion* Number 

SPACN (K.J) - Load Program Space Humber 

NX.T (I) -Zone Multiplication Factor 

CFMX (I) '- Air Exhausted from Zone (CFH) 

CSTU (I) Heat Output of 8aseboard 

Radiation at design conditions 
(BTU/HR.-Lln. Ft.) 

ALFBR (I) - Active Length of Baseboard 

Radiation (Lin. Ft.) 

IPLEN (I) - Load Program Space Number of 

Plenum Above this Space. 

ZNAME (I) - Zone Name, (alpha-numeric) 






FIG. D-13 

SYSTEM NO. 9 FOUR-PIPE FANCOIL SYSTEM 
CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 
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FIG. D-14 


SYSTEM NO. 
CARD TYPE - 

10 TWO-PIPE INDUCTION UNIT FAN SYSTEM 
4 ENERGY DISTRIBUTION SYSTEM DATA 



KFAN(K) 

MMM&M 

RHSP(K) 

ICZN(K) 

OACFM(K) 

MXAO(K) 

NVFC(K) 

T\T 

ITMPC(K,1 1 

ITMPC(K,2) TFNPS(K) 

TFNPR(K) 

TFNPE(K) 

IVVRH(K) 

VVMIN(K) 

" 


TFIXl(K) 

TFIX2(K) 

ISET(K.l) 

ISET(K,2) 

ISET(K,3) 

I SET ( K ,4 ) RIPA(K) 



TCOFC(K) 

TOACO(K) 

PWGAL(K) 

PLOC(K) 

PAREA(K)' 

PERIM(K) 




1 II 21 31 <1 51 61 70 


CARD TYPE - 5 ZONE DAT A 
J 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 

15 


SPACN(K.J) 

MULTI I) 

CFMX(I) 

CBTU(I) 

ALFBRf I 1 

IPLENf I 1 

ZNAME 
































.... 











































































DEFINITION OF VARIABLES 

XFAN (X) 

- Typo of Energy Distribution System 

jmax (X) 

- Number of Zones on System 

RHSP (X) 

- System Relative Humidity Set Point (X R.H.) 

ICZN (K) 

- Zone in which Humidistat Controlling 
and Central Humidifier is Located. 

OACFM (X) 

- Minimum Outside Air Volume (CFH) 

KXAO (K) 

- Mixed Air Option 

NVFC (X) 

- Variable Volume Fan Control Option 

1THPC (K,l) 

- AHU Discharge Air Temperature Control Mode 

ITHPC (X,2) 

- Cold Deck Air Temperature Control Mode 

TFNPS (X) 

- Total Supply Fan Pressure (in H 2 0) 

TFHPR (K) 

- Total Return Fan Pressure (in HjO) 

TFNPE (X) 

- Total Exhaust Fan Pressure (in HjO) 

IVVRH (X) 

- Are Reheat Colls Located After 
Variable Vol. Boxes? 0=No,l*Yes 

YVMN (X) 

- Hin. Flow through Variable Volume Boxes. (*) 

. TFIX1 (K) 

- Primary Air Temperature (Fixed) (°F) 

TFIX2 (1C) 

- Cold Deck Air Temperature (Fixed) (°F) 

ISET (X.l) 

- Primary Air Temperature Reset Schedule Index 

ISET (K.2) 

- Cold Deck Air Temp. Reset Schedule Index 

ISET (X,3) 

- Baseboard Radiation Temp. Reset 
Schedule Index 

ISET (X,4) 

- Process Water Temp. Reset 
Schedule Index 

RIPA (It) 

- Ratio of Induced to Primary Air 

TCOFC (X) 

- Two Pipe Fancoil Changeover Temp. (°F) 

TOACO (X) 

- Two Pipe Induction Fan System Changeover Temperature 

PWGAL (X) 

- Volume of Water In System (2 pipe 
fancoil or induction) (Gals.) 

PIOC (X) 

- Location of Floor Heating Panels 

PAREA (K) 

- Floor Area Available for Heating Panels (Ft?) 

PERIH (X) 

- Exposed Perimeter of Floor (Ft.) 

J 

- Zone Number 

SPACN (K.J) 

- Load Program Space Number 

HULT (I) 

-Zone Multiplication Factor 

CFHX (1) 

- Air Exhausted from Zone (CFH) 

CBTU (I) 

- Heat Output of Baseboard 
Radiation at design conditions 
(BTU/HR.-Lin. Ft.) 

ALFBR (I) 

Active Length of Baseboard 
Radiation (Lin. Ft.) 

IPLEN (I) 

- Load Program Space Number of 
Plenum Above this Space. 

ZHAME (I) 

- Zone Name. (alpha-numeric) 
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FIG. D-l 5 

SYSTEM NO. 11 FOUR-PIPE INDUCTION UNIT FAN SYSTEM 
CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 
KFAN(K) JMAX(K) RHSP(K) ICZN(K) OACFM(K) MXAO(K) NVFC(K) 


ITMPC(KJ) ITMPC(K,2) TFNPS(K) TFNPR(K) TFNPE(K) IVVRH(K) VVMIN(K) 


TFIXl(K) TF I X2 ( K) ISET(K,1 ) ISET(K,2) ISET(K,3) ISET(K,4) RIPA(K) 


TCOFC(K) TOACO(K) PWGAL(K) PLOC(K) PAREA(K)' PERIM(K) 



CARD TYPE - 5 ZONE DATA 


J 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


SPACNf K..V) 

MULT ( I ) 

CFMXm 

CBTUm _ 

ALFBRm 

IPLENm 

ZNAME 









■ 
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DEFINITION OF VARIABLES 

XFAN (X) - Typo of Energy Distribution System 

OHAX (X) - Number of Zones on System 

RHSP (X) - System Relative Humidity Set Point (J R.H.) 

ICZN (X) - Zone in which Humidistat Controlling 

and Central Humidifier is Located. 

OACFM (X) - Minimum Outside Air Volume (CFM) 

KXAO (X) - Mixed Air Option 

NVFC (X) - Variable Volume Fan Control Option 

ITMPC (X.l) - AHU Discharge Air Temperature Control Mode 
I TMPC (X.2) - Cold Deck Air Temperature Control Mode 
TFNPS (X) - Total Supply Fan Pressure (in HjO) 

TFHPR (X) - Total Return Fan Pressure (in H 2 0) 

TFNPE (X) - Total Exhaust Fan Pressure (in HjO) 

IVVRH (X) - Are Reheat Coils Located After 

Variable Vol. Boxes? 0=No,l"Ves 

WHIM (X) - Min. Flow through Variable Volume Boxes. (J) 

TFIX1 (X) - Primary Air Temperature (Fixed) (°F) 

TF1X2 (X) - Cold Deck Air Temperature (Fixed) (°F) 

ISET (X.l) - Primary Air Temperature Reset Schedule Index 
1SET (K.Z) - Cold Deck Air Temp. Reset Schedule Index 
ISET (X.3) - Baseboard Radiation Temp. Reset 
Schedule Index 

ISET (X.4) - Process Hater Temp. Reset 
Schedule Index 
RIPA (X) - Ratio of Induced to Primary Air 

TCOFC (X) - Two Pipe Fancoil Changeover Temp. (°F) 

TQACO (X) - Two Pipe Induction Fan System Changeover Temperature 

PHGAL (X) - Volume of Hater in System (2 pipe 

fancoil or induction) (Gals.) 


PLOC (X) 

- Location of Floor Heating Panels 


PAREA 

(X) 

- Floor Area Available for Heating Panels (Ft?) 

PERIH 

(« 

- Exposed Perimeter of Floor (Ft.) 


J 


- lone Number 

1 

SPACN 

(X.J) 

- Load Program Space Number . 

:j 

MULT 

(I) 

- Zone Multiplication Factor 


CFMX 

(I) 

- Air Exhausted from Zone (CFM) 


CBTU 

(I) 

Heat Output of Baseboard 
Radiation at design conditions 
(BTU/HR.-Lln. Ft.) 

| 

ALFBR 

(I) 

- Active Length of Baseboard 
Radiation (Lin. Ft.) 


1PLEN 

(1) 

- Load Program Space Number of 
Plenum Above this Space. 

: i 

ZNAME 

(I) 

- Zone Name. (alpha-numeric) 
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FIG. D-16 

SYSTEM NO. 12 VARIABLE VOLUME FAN SYSTEM WITH OPTIONAL REHEAT 



CARD TYPE - 5 ZONE DATA 




KFAH (K)' • Type of Energy Distribution System 

JMAX (K) - Number of Zones on System 

RHSP (K) - System Relative Humidity Set Point (X R.H.) 

ICZN (K) - Zone In which Humidistat Controlling 

and Central Humidifier is Located. 

OACFN (K) - Minimum Outside Air Volume (CFM) 

KXAO (K) - Mixed Air Option 

HVFC (X) - Variable Volume Fan Control Option 

ITHPC (K,l) “ AHU Discharge Air Temperature Control Mode 

ITHPC (K.2) - Cold Deck Air Temperature Control Mode 

TFNPS (K) - Total Supply Fan Pressure (in HgO) 

TFNPR (K) - Total Return Fan Pressure (in H 2 0) 

' TFHPE (K) - Total Exhaust Fan Pressure (in HgO) 

IWRH (K) - Are Reheat Coils Located After 

Variable Vol. Boxes? 0 £ No,l«Yes 
] WMIH (K) - Kin. Flow through Variable Volume Boxes. (X) 

TFIX1 (K) * AHU Discharge Air Temperature (Fixed) (°F) 

TF1X2 (K) - Cold Deck Air Temperature (Fixed) (°F) 

ISET (K,l) * AHU Discharge Air Temperature Reset Schedule Index 
I SET (K.2) - Cold Deck Air Temp. Reset Schedule Index 
ISET (K,3) - Baseboard Radiation Temp. Reset 
Schedule Index 

ISET (K,4) - Process Hater Temp. Reset 
. Schedule Index 

| MPA (K) - Ratio of Induced to Primary Air 

TCOFC (1C) - Two Pipe Fancoil Changeover Temp. (°F) 

TOACO (K) * Floor Panel Heating System Hot Hater Shut-off Temp. 

PHGAL (K) - Volume of Hater In System (2 pipe 

fancoil or induction) (Gals. ) 

PLOC (X) - Location of Floor Heating Panels 

PAREA (K) - Floor Area Available for Heating Panels (Ft?) 

PERIH (K) - Exposed Perimeter of Floor (Ft.) 

J - Zone Number 

SPACN (K.J) * Load Program Space Number 

HJLT (I) -Zone Multiplication Factor 

CFMX (I) - Air Exhausted from Zone (CFM) 

C8TU (I) • - Heat Output of Baseboard 

Radiation at design conditions 
(BTU/HR.-lln. Ft.) 

ALFBR (I) -Active Length of Baseboard 
Radiation (Lin. Ft.) 

IPLEN (I) - Load Program Space Number of 

Plenum Above this Space. 

ZKAME (I) - Zone Name. (alpha-numeric) 


! 




FIG. D-17 

SYSTEM NO. 13 CONSTANT VOLUME REHEAT FAN SYSTEM 
CARD TYPE - 4 ENERGY DISTRIBUTION SYSTEM DATA 

KFAN(K) JMAX(K) RHSP(K) ICZN(K) OACFM(K) MXAO(K) NVFC(K) 



ITMPC(K.I) I TMPC (K. 2) TFNPS(K 


TFIXl(K) TFIX2(K) ISET(K.l) ISET(K,2) ISET(K,3) ISET(K,4) RIPA(K) 


TCOFC(K) TOACO(K) PWGAL(K) PLOCfK 


J J SPACN(K.J)| MULT(I 




DEFINITION OF VARIABLES 
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